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ABSTRACT
What the adult does during the intertrial interval that the child 
does not to process information was under investigation in this series of 
studies. Representative ages chosen due to a difference in the utili­
zation of control processes were 5-, 7-, H r , and 19-year olds. The 
initial study tested the availability of information to the subject 
prior to processing. The major question was detecting developmental 
differences in kinesthetic sensory store. Results indicated that the 
superior performance of the adults is not due to the initial availability 
of the information. The second study investigated the detriment to 
performance by increasing the number of to-be-recalled movements, For 
recall of one position minimal age differences were evident, When 
required to recall three positions, the 5-year olds performed different­
ly from the 7-, 11-, and 19-year olds. For recall of five movements, 
the 11- and 19-year olds responded similarly but all other age combina­
tions performed differently. The conclusions of this study indicated that 
the older children and adults were able to recall longer series of move­
ments with decreased error when compared to the younger children, With 
the results of the first two studies in mind, the developmental usage of 
control processes of organization and rehearsal were investigated. For 
the organization study, three groups were utilized at each age: organ­
ized input, unorganized input, and training of organization. Results
indicated that the 5-year olds recalled on an instance-by-instance
* • *
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basis and did not utilize the organization cues or restructure unorg­
anized input. The 7-year olds made use of the organizational cues but 
did not restructure the information. During a transfer task, although 
they realized the similarity among positions, they failed to transfer 
the organizational strategy. The 11-year olds utilized an organizational 
strategy when given organized input and then transferred the strategy 
to a new task. However, when given unorganized input, they failed to 
restructure the information. The 19-year olds on the other hand 
utilized the organizational cues when available and restructured the 
information for improved recall. The rehearsal study also included 
three groups at each age level; child-like strategy (rote rehearsal), 
self-determined strategy (subject initiated), and adult-like strategy 
(rehearsing in groups of three), Results indicated improved performance 
of the 5- and 7-year olds when forced to rehearse like adults. Their 
performance was inproved such that they did not perform differently 
than 11- or 19-year olds forced to practice like children. The 
general conclusions suggested the superior performance of the older 
children and adults was not due to the initial availability of the 
information but an increased ability of the subject to utilize control 
processes of organization and rehearsal.
CHAPTER I
THEORETICAL BACKGROUND OF CONTROL PROCESSING DEFICITS
Empirical evidence exists within the verbal learning literature 
that as children grow older they cognitively process increased infor­
mation within the same time frame or process the same information in a 
shorter time frame (Chi, 1976; Drucker & Hagen, 1969; Eimas, 1969;Hagen, 
1972). Data concerning the development of motor skills are in compliance 
with the verbal learning literature. With age the child can process the 
same information concerning performance (knowledge of results) in a 
shorter time frame or additional information in the same time frame 
(Gallagher & Thomas, 1980; Newell & Kennedy, 1978; Thomas, Mitchell & 
Solomon, 1979). However, the literature is sparce regarding utilization 
of kinesthetic information during the processing interval.
Time from completion of one trial on a task until the initiation 
of the next trial is termed the interresponse interval. Several 
mental operations must occur in order for task performance to increase. 
After trial completion, yet antecedent to the processing of kinesthetic 
information, the sensory consequences are maintained in sensory store 
(similar to iconic and echoic stores in the verbal literature). During 
the processing of the information for a series of movements, the child 
must encode the information from sensory store; utilize rehearsal to 
keep the information in memory; while rehearsing the last movement, 
recall the representation of the prior movements, group and/or recode the
movements in memory; and utilize rehearsal to keep the representation 
in memory. Consequently, the fact that the younger child 
performs as efficiently as the older child or adult could be due to 
a deficit in any or all of the processes. Therefore, the purpose of 
this series of investigations will be to evaluate the developmental 
differences among younger children, older children, and adults in the 
processing of kinesthetic information. These differences may appear 
at several sources including sensory store, organization (grouping and 
recoding) and rehearsal.
Since this series of experiments will be investigating various 
aspects of the retention of movements, it is deemed relevant to under­
stand the type of information that will be subject to the use of control 
processes. The means of coding movanents in memory may occur by seme 
combination of distance and location information. Initial works by 
Posner (1967), Marteniuk and Roy (1972), and Laabs (1973) have suggested 
that location but not distance information is codable as demonstrated 
by location information maintaining reproduction accuracy over an 
unfilled interval. Distance information appeared to be subject to 
spontaneous decay while location information may have been facilitated 
by rehearsal.
Expanding the research on coding, Roy (1977) concluded that loca­
tion cues were more accurately coded than distance cues. He demonstrated 
that a combination of distance and location cues appear to provide 
redundant information. "When distance cues are used in combination with 
location cues for movement reproduction, no additional information is 
provided by the distance cues.
On tiie other hand, when using preselected movements, Marterd.uk 
(1973) found that distance information was retained over time and 
subject to interpolated processing effects. Noting the discrepancy in 
previously mentioned investigations, Stelmach and Kelso (1978) inves­
tigated distance codes for preselected, constrained and passive modes. 
After a series of three experiments, conclusions drawn indicated that 
preselected movements were more output dependent since manipulation 
of the end-point duration (rehearsal) failed to effect their recall. 
Constrained movements however, appeared more input oriented because of 
the progressive decrease in recall error as a function of resting at 
the endpoint.
Utilizing a unique approach to investigate utilization of distance 
and location cues, Diewert and Roy (1978) gave distance and location 
cues while varying their reliability. Results demonstrated that 
subjects relied more on distance when the location information was made 
less reliable. No difference in recall ability was noted between the 
groups with maximally and minimally reliable location cues. In several 
subsequent investigations, the researchers determined that the cogni­
tive strategy of counting was utilized to remember movement extent. 
Evidence pointed to the conclusion of a dual coding model for distance 
and location cues. Memory for extent is accurate with no evidence of 
spontaneous decay while distance information does decay. An interpre­
tation suggested by Diewert and Roy (1978) was that kinesthetic infor­
mation itself may not be useful for coding extent information. Since 
the present investigation is concerned with input of kinesthetic 
information, location cues will be reliable throughout, with constrained
4movements being used.
Once the type of information available to the subject is understood, 
the developmental differences concerning the use and retention of that 
information is important. Obviously the child functions as an integra­
ted organism and does not utilize different systems to process various 
types of input (auditory, visual, kinesthetic). Consequently, gleening 
the verbal developmental literature with regards to processing of 
information will impart insight into an investigation of the processing 
of kinesthetic information.
Multistore Theory of Learning
Several conceptualizations exist with regard to developmental 
learning. A neo-Piagetial stage theory (Pascual-Lecne, 1970; Pascual- 
Leone & Smith, 1969) posits changes in the childs ability to process 
information to maturation of the neurological system with a concomitant 
increase in the amount of information that can be processed. Develop­
mental information processing (Chi, 1976; Hagen, 1972) on the other 
hand, explains adult-child differences by the ability to use control 
processes. The most common framework for adult performers is either a 
levels of processing approach (Craik & Lockhart, 1972) or a multistore 
model (Atkinson & Schiffrin, 1968, 1971; Schiffrin & Schneider, 1977).
The theoretical framework for this series of investigations will be 
posited in a combination of a multistore model (Atkinson & Schiffrin, 
1968, 1971; Schiffrin & Schneider, 1977) and developmental information 
processing (Chi, 1976; Hagen 1972) theories. Although the multistore 
model (Atkinson & Schiffrin, 1968; Schiffrin & Schneider, 1977) does 
not directly incorporate the developmental processes of the changing
organism (Naus & Halasy, 1978; Naus, Omstein & Having, 1978) implica- 
tions and inferences will be drawn.
Schiffrin and Schneider's (1978) model of learning by the mature 
individual Incorporates three phases: sensory store, short term store
(STS) and long term store (LTS). The sensory store is thought to be a 
relatively complete copy of the physical stimulus containing the per­
ceptual/kinesthetic array prior to processing. Any information that is 
not processed within specific time limits is lost to the system. 
Consequently for task improvement, the appropriate cues must be 
selected for processing to allow the information to either remain in 
STS or for transfer to LTS.
Attention
Attention, as explained by Schiffrin and Schneider (1977), is an 
automatic process of sensory coding that is under partial control of 
the subject. Automatically encoded in a series of stages, the stimulus 
input actuates a series of features in the process. Schiffrin and 
Schneider (1977) suggest as the salient features of the display are 
automatically encoded, these features may initiate a response that 
directs subsequent processing.
Attention to the appropriate cues allows encoding of information and 
additional processing to maintain information in STS or for transfer to 
LTS. STS is the amount of information that may be activated at any one 
moment. Acting as a temporary storehouse for currently important 
information, STS functions as a working space for control processes, 
thinking and decision maiking. Basically, STS is a limited capacity 
processor whereas LTS is posited to have no known limits.
Memory
Since STS represents die amount of information that can be activated 
at any moment, it serves a dichotcmous purpose: cache for currently
important information and a workbench for decision making, thinking 
and control processes. Transfer of information from STS to LTS is the 
formation of new associations (or the strengthening of old associations) 
between information structures not previously associated in LTS. Thus, 
information that is attended to and given controlled processing is 
stored.
Control Processes
Demanding processing capacity in STS, control processes are utilized 
in the development of automatic processing and require attention by the 
subject. If the process does not utilize all available capacity, then
sequences can be processed in parallel.
Control processes are capacity demanding, readily accessible and 
expeditiously adaptable. A further benefit exists in the development 
of automatic processing. Through learning, control processes aid 
development of automatic processes. Concomitant with the evolvement is 
a reduction in capacity demand such that eventually the automatic 
process requires no capacity. A situation such as this liberates the
limited capacity in order to contempate increasing amounts or complexity
of information.
Benefits from the proposed two process system (Schiffrin & Schneider, 
1977) are many. Efficient use of the limited capacity system regarding 
both types of strategies allows attention to be directed to ccnmanding 
aspects, whatever the nature of the ongoing control process. The
individual is able to adjust to environmental changes that make previ­
ously learned patterns inefficient. Since both control and automatic 
processes exist, it allows response to novel situations for which auto­
matic sequences do not exist as well as learning increasingly more 
complex patterns by building upon automatically learned subsystems.
In short, Schiffrin and Schneider (1977) have proposed a multistore 
model that explains learning for the mature learner. The perceptual 
display is maintained briefly in sensory store and then selectively 
encoded by an automatic process into STS. STS, limited in scope, 
contains information currently active and acts as a workspace for con­
trol processes that transform information in STS to LTS. Control 
processes are global in nature or can be task specific (strategies with 
which the individual approaches the task). In contrast, automatic 
processes are well learned sequences of events that can be run-off 
without requiring attention.
Since children do not emulate adult performance, developmental diff­
erences could exist in sensory store, STS, LTS, utilization of control 
processes or development of automatic processes. Before reviewing the 
literature concerning sensory store and the suspectedly deficient con­
trol processes of grouping, recoding, and rehearsal, relative develop­
mental STS capacity differences will be evaluated.
Capacity Limits
A generally well accepted fact is that man is a limited information 
processer (Broadbent, 1958; Kahneman, 1973). For the information to be 
processed, maintenance is required, thus giving importance to memory 
span. In his often quoted study, Miller (1956) has stated that 7 + 2
pieces of information can be maintained in memory at a given time.
A method of investigation of memory span is via the serial position 
effect. For serially ordered information within memory span, there will 
be a linear recall response with initial information being remembered 
more accurately due to rehearsal. However, when the number of serially 
presented items is beyond memory span, a primacy and recency effect 
occurs (U-shaped graph). One of several explanations is that the 
initial (due to rehearsal) and final (due to maintenance in-STS) items 
are remembered more efficiently than middle items. Consequently, when 
a serial position curve is evident, memory span has been surpassed. The 
limit to memory span found for adults in the verbal literature has been 
approximately 7 pieces of information which is in concordance with 
Miller's magical number 7 + 2  (Fitts & Posner, 1967; Jarihke, 1963; 
Murdock, 1976).
Recent research in the motor menory area has also discovered a limit 
to motor memory as investigated via the serial learning curve. Magill 
and Dowell (1977) using a to-be-rembered series of 3, 6, or 9 positions 
on a linear slide found results were as anticipated: the bowing of the
serial positioning curve was a function of the number of to-be-recalled 
movements. Using a two dimensional task, Girard and Wilberg (1977) and 
Girard (1978) did not find overwhelming support for the limited capacity 
of memory as implied by the serial learning curve. However, there was 
a bowing effect When the triangles were increased from 3 to 7 or the 
movements from 9 to 21.
Attempting to incorporate previous findings regarding limits to STS, 
Magill and Husak (1978) required subjects to attempt to recall either
6, 9, or 12 movements. Results were as predicted: the serial position
curve was evident for series of movements longer than memory span.
Referring to the memory capacity of children and adults, Chi (1976) 
stated that the estimates depend on the criterion used, the task used 
to determine the capacity, and the definition of a chunk of information. 
Broadbent (1975) suggests that the criterion required considerably 
influences the span. If 100% recall is required, irrespective of the 
type of material, then the span is reduced to three (Broadbent, 1975;
Chi, 1976).
Developmental Capacity Differences
The size of a chunk of information is important when considering 
memory span. Investigating the memory span of children aged 7 to 12, 
Deeps ter (1978) discovered that immediate recall was affected by the 
type of material presented. Age differences associated with consonant 
letters and words were slight while age differences associated with 
consonant-vcwell letters (constructed to maximize chunking) were 
comparatively large. Thus, a difference in memory span was noted only 
when the material was susceptable to chunking. Chi and KLahr (1975) 
investigating the span of apprehension of dot patterns of adults and 
children, discovered no difference in a single perception. Consequently, 
the findings refute the notion that capacity increases with age and 
suggests that age differences in memory span reflect the process of 
consolidation of information into one chunk requiring only one slot in 
STS.
Since it is proposed by a developmental information processing 
theory that the memory span does not vary between adults and children,
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tiie differences between adult and child performances could exist in the 
sensory store, LTS, utilization of control processes or the development 
of automatic processes. Elucidating developmental differences through 
a processing capacity deficit hypothesis, Chi (1976, 1977a, 1977b) pro­
poses control processes are acquired strategies since they are viewed 
as transient (Atkinson & Schiffrin, 1968) . Once the strategy is learned, 
the child must learn appropriate utilization of the strategy as well as 
developing spontaneous or automatic use of the strategy. The major 
control processes evident in the developmental learning literature are 
grouping, recoding, and rehearsal.
Knowledge Base
Not only are there differences in the use of control processes 
developmentally, but the young child has a limited knowledge base 
(which is related to grouping and recoding). Chi (1976) explains a 
deficient knowledge base of the young child by the absence of a recog­
nizable chunk, the size of a chunk, and the accessability of the chunk. 
Presence of a recognizable chunk relates to the familiarity or unfamil­
iarity of a given stimulus to the subject. For example, a movement, 
which produces a kinesthetic stimulus, could be totally unfamiliar to 
a 5-year old because the recognition network for that movanent is 
absent. Referring to the size of a chunk, the literature expresses the 
differences as the degree of familiarity. A movement sequence could be 
one piece of information for the adult but several pieces of information 
for the child (the information within the chunk may also be less for 
the child). The accessability of a chunk of information relates to the 
potential facileness of the information. This means that the adult can
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retrieve the information by a variety of cues whereas the child, even 
though he may encode the information, may only have one stimulus (label) 
that identifies the chunk of information in LTS.
As discussed previously, developmental differences exist between 
adults and children, with a paucity of research in the motor skills area 
investigating an interaction between maturation and learning. The 
present series of experiments proposes query into the developmental 
differences of facilitated task performance of adults as compared to 
children. In the first experiment, it will be determined if the younger 
child differs in kinesthetic sensory store from adults. If a diff­
erence does exist, then adults are at an instantaneous advantage since 
they either have more information available or have more time to attend 
to and process the information. The second experiment investigates the 
relative memory span differences between adults and children. The final 
two experiments examine the control processes utilized to either main­
tain information in STS or to transform it to LTS. Facilitatory effects 
of grouping and recoding as individual processes will be determined 
followed by the use of rehearsal to aid grouping and recoding.
The rest of this chapter will review the related literature in the 
areas of sensory store, manory span, organization (grouping and recoding), 
and rehearsal. Since there is a paucity of research in the motor 
development area regarding these processes, the relevant developmental 
learning literature and adult motor learning literature will be 
presented with implications for developmental motor processes.
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Kinesthetic Sensory Store
As mentioned previously, information is first held in a sensory 
store. Since information held within sensory store must not have been 
categorized, Crowder (1976) has labeled sensory store as precategorical 
store. Sensory store allows detection that a stimulus has occurred, 
classification by color and perhaps full recognition of shapes without 
a cannon name being attached to these items. These occur prior to 
categorization or before a learned name is assigned to the stimulus. 
Sensory store is capable of storing large amounts of information for 
very brief periods of time. Cues deemed appropriate in sensory store 
are processed further. The sensory registers most frequently studied 
in the developmental verbal literature are iconic and echoic memory. 
Apparently for kinesthetic sensory store no literature exists.
The methods utilized to investigate iconic (referring to visual 
sensory store) and echoic (referring to auditory sensory store) memory 
have varied. Initially for iconic memory, subjects were shown tachis- 
toscopically a matrix of letters or digits and asked to recall as much 
information as possible. Since the size of the recall set was large and 
sensory store limited due to a fading trace, this technique was discov­
ered to underestimate sensory store. Sperling (1963) demonstrated this 
with a partial report procedure. After stimulus presentation an 
auditory cue informed the subjects which row to recall. Ability to 
recall a matrix of information improved drastically. The length of 
iconic manory has been estimated to be 250 msec (Crowder, 1976).
To measure auditory store, recognition, masking, and sampling 
methods have been used. Recognition methods have utilized dichotic
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listening to probe sensory store. Attending to a message in one ear 
with simultaneous presentation of the same passage in the other ear, the 
message in the nonattended ear is delayed. The longest delay where the 
subject can recognize the unattended message as identical determines 
the length of echoic memory. Treisman (1964) demonstrated this in an 
experiment where the same verbal message was presented with the message 
in the nonattended ear delayed. The longest lag time allowing recog­
nition of the message was assumed to be the length of echoic memory,
1.5 sec.
A recognition method used by Guttman and Julesy (1963) incorporated 
repeated broadband noise. Repeating a section of noise for an extended 
period of time, the longest length segpent that could be detected as 
being repeated was utilized as the length of sensory store. A length 
of 1 sec was determined in this study.
Masking methods usually present a distracting event after stimulus 
presentation. With delay of the distracting event, there is a point 
in the deference when performance is equal to the no-masking condition. 
Valid conclusions are hard to draw from this technique alone (Crowder, 
1976). The conclusions drawn are from the method of masking and not 
necessarily the results.
Sampling methods use a more direct probe than those of the recog­
nition technique. Two procedures have been utilized to discourage 
irrmediate categorization of the stimulus items: overload capacity or
direct attention toward one source and away from a secondary source.
If more information is held in sensory store than can possibly be 
identified, a suitable post stimulus cue should elicit a sampling of
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the information. An experiment by Eriksen and Johnson (1964) used a 
deliberately ignored message through earphones and required a main task 
of reading a novel. At preselected intervals a faint tone was sounded 
with the objective of determining if the subject detected the sound. 
Using intervals of 0 to 10 sec following the tone, the reading light 
was turned out and the subject was to determine the occurance of the 
tone. Since this was a simple recognition task and not recall of a 
specific stimulus, echoic memory was set at approximately 10 sec.
Crowder (1976) has stated that when conducting experiments of 
sensory store, two controls are imperative. First, there must be a 
variation in the delay required. Additionally, a comparison of the 
partial report based on precategorical dimensions versus postcategorical 
dimensions must be made. This would allow the experimenter to state 
that the information was precategorical.
The capacity and rate of decay of iconic and echoic memory seem to 
be invariant with age. Using adults, 5-, 8-, and 11-year olds,
Sheingold (1973) and Morrison, Holmes and Haith (1974) tachistoscopic- 
ally displayed an array of seven geometric figures for 100 msec. A 
marker indicated partial recall after delays ranging from 0 to 1000 
msec. Results indicated recall was directly related to time lags for 
delays ranging from 0 to 450 msec intersperced between stimulus 
presentation and recall. An interesting fact was that from 450 msec to 
1000 msec, adult performance improved, apparently using the time for 
encoding and rehearsal of the information for maintenance in STS.
Investigating iconic memory of spatial locations, Finkel (1973) 
presented dot patterns for 150 msec to kindergarten, third , and
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sixth grade children as well as adults. After presentation, the child­
ren were required to reconstruct the pattern on a board with magnetic 
tokens. Results were that no differences existed between children and 
adults,
Turning to echoic memory, Frank and Rabinovitch (1974) used a suffix 
effect (masking method) to investigate developmental changes. For the 
lists of numbers, the suffix effects did not differ for the children of 
the three age levels, thus supporting the position that rate of decay 
from echoic memory is relatively invariant developmentally. Siegel 
and Allik (1973) presented seven items to 6-, 7-, and 10-year olds and 
adults. Recall was tested by presenting two problems and requiring the 
child to point to the speaker from which the probe stimulus came. The 
ability to recognize this probe information was similar for children 
and adults.
Thus far, it appears that no developmental difference exists for 
iconic and echoic memory between adults and children. Although infor­
mation loss is less rapid in echoic memory as opposed to iconic memory, 
the differences in performance between children and adults cannot be 
attributed to a difference in receipt of precategorical sensory stimuli 
array or display trace. But for kinesthetic information, this state­
ment has not been verified.
If Crowder's (1976) logic can be extended, the necessity of a 
kinesthetic sensory store is of more importance to aid encoding of 
information than iconic memory and such a sensory store would be of 
equal importance to echoic memory. Crowder (1976) stated that visual 
patterns occur at once disperced in space, meaningful auditory patterns
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occur spread in time. To perceive the auditory event as a unit, the 
early portion must be held in memory While receipt of the concluding 
portion occurs. Extending this to kinesthetic sensory store, movements 
are spread in time, with possibly more lengthy delay than even auditory 
memory.
The initial experiment reported will be to determine if differences 
in precategorical store exist between children and adults for kines­
thetic information. A problem unique to motor development is the 
neurophysiological measurement of kinesthetic sensory store might not 
be in the actual sensory store but due to an inability of the children 
to replicate the pattern as effectively as adults. To date, develop­
mental literature investigating fine motor control of movements (such 
as in a linear positioning slide) have not been published. Consequently, 
an age difference in movement control would be evident in the 
intercept of the curve of the sensory store whereas the actual sensory 
store measurement is represented by the slope of this curve.
Organization
To this point, it has been fairly well substantiated in both verbal 
and motor memory, that there is a limit to the number of pieces of 
information that can be maintained in memory. However, Postman (1972) 
posits that through organization, man's limited capacity can be expanded. 
Diewert and Stelmach (1978) and Mandler (1967) have defined organization 
as an integral process or strategy utilized by the subject to impose 
order on input through construction of consistent and related groups of 
the input which results in increased stability of the memory structure.
Organization of material occurs at encoding and continues with
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grouping and recoding of the information after encoding. In their 
encoding-specificity principle, Tulving and Olser (1968) and Thompson 
and Tulving (1970) determined that the cues initially encoded, whether 
they are specific cues or conceptual symbols that define the elements 
of organization, are the cues used for organization. Consequently, 
organizational processing at the perceptual and encoding phase is a 
necessary precondition for the organization demonstrated at retrieval 
output.
Two aspects of organization, grouping and recoding, have been inves­
tigated in the developmental literature. Grouping is the process that 
the subject uses to combine a long string of stimuli into larger units. 
Recoding is the process whereby the subject concatenates two or more 
symbols in STS (Chi, 1976). This concatenation of symbols will be 
transformed into LTS as one unit or chunk. Consequently, when recalled, 
the same information will require less capacity. The difference be­
tween grouping and recoding is that grouping is the formation of a new 
chunk whereas in recoding the chunk must already exist in LTS. Murdock
(1974) states that grouping and recoding are two aspects of chunking.
Tulving (1962) has put forth three questions regarding organization 
of memory while Diewert and Stelmach (1978) have transformed these 
questions into hypotheses in motor learning research. Initially, do 
subjects organize items (group) if merely asked to recall as nnch 
information as possible? Secondly, if subjects do organize is there a 
concomitant increase of organization vis-a-vis repetition of material? 
In other words, if the subjects organize the material, does increased 
organization with additional practice occur? Tulving*s (1962) final
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question involved determining a systematic relationship between organ­
ization and performance. This question follows from the previous two: 
if the subjects do indeed organize input, do they organize for a pur­
pose— is performance facilitated with additional organization?
Biewert and Stelmach (1978) extended the questions to determine if organ­
ization need always be linked to measurable increases in performance, 
an additional reduction in processing capacity need not be associated 
with a measurable behavioral change.
Methodology of Organization of Memory Research
Two methods utilized to examine organization of memory are exper­
imenter presented organization (EPO) and subject detected organization 
(SO). Modifications of the paradigms for the motor domain have been 
established by Diewert and Stelmach (1978). SO is characterized by the 
experimenter predetermining the level of organization inherent in a 
list of words or series of movements. Utilization of this paradigm is 
necessary to answer certain questions regarding organization. Deter­
mination of a causal relationship between organization and other var­
iables could possibly be answered if housed in an EPO paradigm.
However, EPO is characterized by inflexability at input and recall.
That is, EPO experiments only allow inference to the effects of organ­
ization on recall, a causal relationship between organization and 
performance but not to the method of organization.
In an attempt to overcome the limitations of the EPO paradigm,
Tulving (1962) pioneered the SO paradigm which incorporated free recall 
to allow organization of input by the subject. Consequently, if the 
subject organized the input, those items which were grouped would
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appear in close temporal order with possible lag time between grouped 
items. With repeated input, the degree to which the subject organized 
could be correlated with performance. It is important however that 
for each trial, the experimenter does not indicate a method of organ­
ization (i. e. no two items being consecutive more than once). To 
completely eliminate EPO and insure SO, a symmetrical presentation 
matrix was constructed such that each itan preceded and followed another 
item only once. By virtue of mathematical computations, Tulving (1962) 
was able to determine sequence organization via a measure of redundancy 
xhere the probabilities of successive pairs of events were known. 
Therefore, the SO paradign would permit investigation of: organization
by the subject, causal relationships between organization and perform­
ance improvement, hierarchical organization, and the unit of organization.
Seme limitations of the SO paradigm exist. SO allows only partial 
indicies of organization. Even though free recall is involved, the 
subject must still recall items one after the other which lacks 
sensativity regarding spatial clustering.
In summary, it appears that both EPO and SO paradigms have merit 
with regards to appropriate questions and objectives. The three 
questions rendered by Tulving (1962) as well as the developmental diff­
erences must be utilized in determination of the appropriate research 
paradigm.
Existence of Organization
Motor learning research investigating organization of memory has 
been patterned after much of the verbal literature. Therefore both 
verbal and motor literature on memory organization will ensue with each
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of Tulving*s questions being investigated.
In a classical study concerning SO, Tulving (1962) investigated 
answers to three questions concerning organization of memory: do
subjects organize, bow do they organize, and does organization correlate 
with improved performance. Conclusions drawn were that all questions 
were answered in the affirmative. Not only did subjects organize the 
material in recall, but with repeated exposure, the subjective organ­
ization increased and a correlation between organization and performance 
existed. For a single trial paradigm, these conclusions would have been 
surprising, but considering a learning situation with several trials 
and experimentally unorganized units, this experiment extended previous 
research. Consequently, this paper provided an overall measure of 
organization.
Initial research in the motor behavior area has suggested that 
subject selected stops are more efficiently remembered than experimenter 
presented stops, intimating that pre-movement organiation aids recall 
(Maretniuk, 1973; Roy & Diewert, 1975; Stelmach & Kelso, 1978). 
Interpretation of this finding by Diewert and Stelmach (1978) attributes 
the performance differences to organization since the efference infor­
mation alone is unable to elucidate the findings. Stelmach and Kelso 
(1978) have suggested that preselected movements are more output 
dependent whereas constrained movements are input dependent.
Organization and Repetition
It seems appropriate to determine if with additional trials, in­
creased organization of input occurs. Investigating how organization 
and performance interact with repetition, Tulving (1966) conducted a
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series of experiments. In the initial experiment, Tulving determined 
no difference existed between a group that read words that were later 
to be memorized and a group that read words unrelated to a list later 
to be memorized. Continuing investigation with SO and formation of 
higher order units of organization, Tulving (1966) deduced that inap­
propriate units of organization of the same material due to prior 
learning would hinder rather than facilitate memory. The second exp­
eriment discovered that the performance of a group of subjects that were 
required to memorize a partial list of words prior to memorization of 
the entire list had a more difficult time learning the complete list 
than a group presented with irrelevant words to be memorized. 
Consequently, organization of practice appears to be a crucial factor 
superceding unstructured practice or repetition. Implications here 
concern interference in memory due to possible influencing factors. 
Organization and Performance
Finding that verbal labels inproved reproduction performance, Shea 
(1977) suggested that movement reproduction depended on more than move­
ment-generated feedback. Nacson, Jaeger and Gentile (1972) discovered 
that instructing subjects to determine relationships among movements in 
different areas facilitated recall to a greater extent than those merely 
instructed to recall. However, the subjects were unable to determine 
a difference among cluster conditions (positions within an area) and 
scatter conditions (positions across all 5 areas). In a series of 
studies, Diewert and Stelmach (1978) initially attempted replication 
of Nacson*s (1973, cited in Diewert & Stelmach, 1978) reaearch to 
determine if the learning of a movement was merely a function of the
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repetition of feedback. In Nacson1 s experiment, organization facilita­
ted learning and retention during KR and KR withdrawal trials. In 
Diewert and Stelmach's (1978) replication attempt, the blindfolded 
subject moved a linear slide to a stop with an immediate attempt at 
replication and administration of KR. One trial consisted of a group 
of five such movements. Six trials ensued followed by four withdrawal 
trials. EPO groups utilized in this study consisted of: sequential-
sequential receiving a presentation order of 10, 20, 30, 40, and 50 cm; 
long-short receiving a presentation order of 50, 20, 40, and 30 cm 
lengths; and random-random receiving a different presentation order of 
the same movement lengths for each trial. Serial recall of the 
presentation material was required. Utilization of the EPO paradigm 
failed to replicate Nacson's results. Explanation of varying results 
was based on methodological differences (different instructions). 
However, during debriefing, half of the subjects in the sequential- 
sequential and long-short groups were unaware the movements were equi­
distant, therefore not using an important organizational cue. 
Consequently, to insure maximum benefit of experimenter organization, 
instructions are needed to elicit attanpts to determine sequences of 
lengths. When more complete instructions were administered in a 
subsequent study, Nacson's results were substantiated. Conclusions 
drawn were that structure or organization of practice is a potent factor 
in motor learning.
Realization that organization of practice aids recall, leads to the 
determination of performance being tied to the position of the movements 
in the sequence. In other words, is the structure important during
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recall with sequencing remaining consistent between subjects? Diewert 
and Stelmach (1978) investigated this question by utilizing a 2 x 2 
factorial design with the first factor being two presentation orders 
during the learning phase and the second factor two recall orders during 
the withdrawal phase. The two levels for both factors were sequential 
and random. For example, the presentation order for the sequential- 
random group consisted of ordered material during the learning phase 
but random recall during the withdrawal phase. Instructions and pro­
cedures remained the same as the previous Diewert and Stelmach (1978) 
investigation. The results indicated that in groups for whom input was 
structured there was no difference between methods of recall. Poorest 
performance was displayed by the random-random group. The interesting 
aspect of the results was the random-sequential group performed better 
than the random-random group which seems to add tremendous support to 
the importance of organization. Conclusions contended that organization 
of kinesthetic information is not limited to structured organization, 
indicating that movements learned under an organized regime, whatever 
the regime, can be performed well in novel situations.
Developmental Organization Literature
Since this investigation concerns spatial and temporal organization 
of movement, prior to reviewing developmental differences in organ­
ization, the encoding of spatial and tanporal information is important.
Ehpirical evidence has demonstrated that young children encode 
spatial information. The initial experiment of a series conducted by 
Von Wright, Gebbhard and ICartunen (1975) consisted of showing 5-, 8-, 
and 12-year olds ten cards with four pictures per card. During the
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testing phase, subjects were asked to point to the quadrant of the card 
in which the first picture appeared. Although recall improved with age, 
the number of correct locations chosen by the 5-year olds was above 
chance. When given instructions to remember the objects or the locations, 
recall was virtually identical. The ostensible conclusion was that 
location was automatically encoded. A finding of the second experiment 
conducted by Von Wright et al. (1975) was that when related material was 
presented, all age groups tended to cluster the objects on the same 
card whatever the recall instructions. For this experiment, the recall 
strategies varied as a function of both age and instruction when the 
objects were unrelated.
Data from Von Wright et al. (1975) suggests that location was 
automatically encoded. Experiment two varied the instructions as to 
what information was to be recalled. If the method of recall was 
described prior to learning both item and location, recall was facil­
itated in the oldest age groups when the information was related.
When unrelated objects were utilized, no age differences were apparent. 
Intentional and incidental learning of location produced similar results 
for all age levels when instructions to attend to the location of the 
object were administered.
Automatic encoding of spatial location has also been utilized to 
explain serial position effects in memory. Siegel, Allik and Herman 
(1976) separated the presentation and spatial components of recall.
Using a model of an eight room ranch house with a linear path from the 
first room to the last, pictures were placed face down in the house in 
one of two ways: from left to right in a linear sequence with sub-
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sequent confounding of presentation and spatial aspects, or in a random, 
nonlinear sequence. Cued recall consisting of showing duplicate pic­
tures followed. Conclusions for presentation order demonstrated primacy 
and recency effects only when spatial and presentation cues were con­
founded (presented sequentially); an absence of serial position effects 
were reported when the pictures were presented in a random order. 
However, when analyzed for spatial location, serial position effects 
were evident regardless of the presentation order (sequential or 
random). No age differences were found between kindergarten, first, 
and second graders which supports the hypothesis that the task was not 
dependent on verbal mnemonic strategies. If a task does not require 
the use of cumulative rehearsal. Brown (1973) argues that no develop­
mental trends will appear.
Evaluation of encoding of information regarding everyday 
activities has been recently attempted (Acredolo, Pick & olsen, 1975; 
Siegel & White, 1975). Reviewing philosophical and neurological 
explanations of spatial knowledge, Siegel and White (1975) provide 
interesting conceptualizations regarding a developmental sequence of 
spatial knowledge. They suggest that space is organized in successive 
perceptions. Spatial knowledge consists of several spatial represen­
tations hierarchically organized. The developmental differences are 
that children have a narrower spatial and temporal context when 
compared to adults. Acredolo, Pick and Olsen (1975) discovered that 
children as young as 3 years seem able to encode spatial location fairly 
accurately. The experimenter took 3-, 4-, and 8-year old children on 
walks during which she dropped her keys. Subsequently, the children
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were to recall the location of the dropped keys. In an undiffer­
entiated environment the 8-year olds were more accurate than the 3-year 
olds but no difference existed among the ages in the differentiated 
environment.
Consequently, as Kail and Siegel (1977) have stated, at a very 
early age children encode place information. Continuing their assertion, 
this ability exists -whether they are locations of pictures on a page, 
endpoints in a series of items, or places and objects in real-world 
environment. Encoding appears to occur automatically, with little 
intention by the child. Interestingly, spatial coding seems to place 
no additional capacity load on the memory system and does not interfere 
with encoding of other features. The developmental changes in spatial 
encoding seem to be primarily of a quantitative nature.
After understanding the developmental differences between spatial 
and temporal information, other information that is encoded is important. 
Although children have a speed of encoding deficit (Munsinger, 1965; Chi, 
1977a; Welsandt, Zupnick & Meyer, 1973), even preschool children, if 
given sufficient time, spontaneously encode most to-be-remenbered 
items according to category features. In cued recall studies, children 
ranging in age from preschool to fifth grade can successfully recall 
items when category labels not presented at input are provided during 
recall (Esyenck & Baron, 1974; Melkinan & Deutsch, 1977; Williams &
Goulet, 1975). Recognition memory experiments demonstrate that children 
falsely recognize items which are categorically related to the original 
target items, but which were not presented in the initial list (Hall & 
Halperin, 1972; Mansfield, 1977). Thus these experiments demonstrate
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that young children are able to categorize items, to the extent that 
they represent the items in memory in terms of the taxonomic labels. 
Apparently what the children do not do is use these category labels for 
organizing the information.
Even though encoding of the perceptual and semantic cues appear 
similar for the young child and adult, there seems to be a developmental 
progression of the young child relying on the perceptual cues and 
spatial presentation order (Kobasegaw & Middleton, 1972; Moely, 1977) 
and the older children relying on the semantic cues for organization of 
input (Denny 6c Zibrowski, 1972; Kobasegaw £c Middleton, 1972; Nelson, 
1969; Wingard, Buchanan & Burnell, 1978).
Utilizing a negative transfer task, Bjorklund (1978) found that 
given successive lists of different examples from the same taxonomic 
category, kindergarten children failed to show any differential negative 
transfer in relation to a group of control subjects. Negative transfer 
was minimally apparent at the third grade level but statistically 
reliable for the sixth graders. The conclusions were supported when 
investigation of category clustering was undertaken.
Attempting to explain these age differences, Bjorklund (in press) 
investigated an instance learning hypothesis. This hypothesis stated 
that albeit young children encode items in terms of their category 
properties, they attempt to learn each list item independently of all 
others (a fact which seems to be supported in the rehearsal literature) 
ignoring the categorical relations that exist among the to-be-remenbered 
materials. Once again using kindergarteners, third, and sixth graders, 
Bjorklund (in press) found a developmental trend in the children’s use
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of the category relations for organization in the materials presented.
At the conclusion of testing, an evaluation determined that the young 
child was cognizant of the categories. The third grade children perfor­
med significantly better than the kindergarten subjects, but only the 
sixth graders showed consistently high levels of category identification 
across all three presentation conditions. Bjorklund concluded that the 
results were consistent with the hypothesis that the young child learned 
on an instance-by-instance basis and generally ignored the conceptual 
relationships that existed.
Attempting to determine if young children do organize and on what 
cues they organize, Denny and Zibruwski (1972), Nelson (1969) and 
Wingard et al. (1978) have manipulated the stimulus lists to provide 
perceptual organization (color, complimentary) and semantic organization 
(Denny & Zibrowski, 1972; Wingard et al., 1978) or semantic and unrelated 
control words (Nelson, 1969) . Denny and Zibrowski (1972) compared 6- 
year olds and college students, Nelson (1969) compared 5-, 7-, and 8- 
year olds, and Wingard et al. (1978) compared 4- and 5-year olds.
Findings demonstrated that younger children do indeed organize along 
different categories than adults. Wingard et al. (1973) found that 
4-year olds clustered items in a free recall task on the basis of the 
conmon perceptual attribute— namely color. The degree of color recall 
clustering demonstrated by 4-year olds was comparable to the amount of 
semantic clustering of the 5-year olds. These results are consistent 
with suggestions by Bruner, Olver and Greenfield (1966): Attribute
processing is the preferred mode of representing information in younger 
children but is gradually supplanted by more symbolic processing
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beginning by 7- to 8-years of age. Nelson's (1969) data support the 
previously stated findings. The older subjects organized the category 
information but failed to organize the non-category lists. For the 
unorganized lists, the younger subjects organized as well as the adults. 
The implication was that in terms of increasing memory beyond the 
immediate memory span, younger subjects were at least equal to the older 
children on the non-categorized lists but were inferior on the categor­
ized lists.
Denny and Zibrowski (1972) did not find that recall increased as 
a function of clustering. An age by type of list interaction for 
clustering (grouping) scores indicated that children clustered more than 
adults on a complimentary list while the adults clustered more on the 
similarity list. Consequently, the results from this study suggest that 
clustering is not due to an increase in ability to organize the infor­
mation but is due to an increase in the ability to categorize the way 
adults do.
Liberty and Omstein (1973) discovered that adults demonstrated 
organization in terms of meaning of the words and exhibited little 
intersubject variability. However, fourth graders did not show organ­
ization based on meaning and demonstrated tremendous intersubj ect 
variability. Fourth grade subjects that were forced to learn the 
organizational patterns of the adults experienced improvement in recall. 
Additionally, adults forced to leam the organization pattern used by 
the fourth graders demonstrated inpared performance. Kobasegaw and 
Middleton (1972) and Moely, Olson, Halwes and Flavell (1969) detected 
evidence for such an age shift between the ages of 5- and 11-years in
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addition to the tendency to use presentation order in recall being 
negatively related to amount recalled.
Paris (1978) found that second and sixth graders performance was 
systematic over trials which indicated organization but in different 
ways. The second graders utilized a rote order while older children 
progressively transformed the categorical units. Kbbasigaw (1974) 
determined that 8- and 11-year olds spontaneously used experimenter 
provided category cue cards to aid their recall while only one-third of 
the 6-year olds did.
Thus, for experimenter presented organization, several developmental 
trends appear to exist. At later developmental levels, children move 
from organization based on the order of presentation and salient 
perceptual cues to a deliberate reordering of items according to 
semantic relationships. In sun, the findings support the influence of 
grouping and recoding as important control processes aiding recall.
For experimenter mainpulated lists of organized or unorganized 
information the findings are fairly clear, but given material where the 
subject is required to impart his own organization, what are the 
developmental trends? As mentioned previously, seme inherent weaknesses 
of EPO exist. The organization provided by the experimenter m y  not be 
meaningful to the individual. This is even more acute in view of the 
fact that the younger children categorize on the basis of perceptual and 
spatial cues.
For subjects 5- to 12-years old, the SO studies show only slight 
inclination to organized recall with the greatest increase appearing 
between 10-years and adolescence. While limited amounts of organization
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are exhibited, no relationship exists to the number of items recalled 
(Kokobun, 1973; Laurence, 1966; Nelson, 1969; Omstein, Hale fit Morgan, 
1977; Shapiro fit Msely, 1971).
Referring to familiarity of the information, Rosner (1974) 
suggests that the young child's recall performance may depend on the 
amount of exposure to the item rather than organization. Laurence (1976) 
hypothesized that young children might not benefit as much as older 
children from category organization because of their more limited 
conceptual skills.
The fact that young children will recall scsne items without shewing 
subjective organization (Rosner, 1974) does not preclude the possibility 
that they will find organization helpful under conditions appropriate 
for their use. Several investigators have found that the magnitude of 
correlations between organization measures and amount of recall increased 
with age in individuals tested (Gerjuoy fic Spitz, 1969; Laurence, 1966; 
Shapiro fit Moley, 1971).
Annett (1959), Goldman and Levine (1963), Lang and Hultsch (1970), 
Liberty and Omstein (1973), Saltz and Sigel (1967), and Saltz, Soller 
and Sigel (1972) demonstrated that the preferred classificatory schemes 
of younger children are smaller, more fragmented, and constructed with 
different items than those of older children and adults.
Generally, the conclusions reached from the developmental organ­
izational research is that young children encode the appropriate 
categories regarding the information, but fail to organize the informa­
tion along a semantic dimension. It appears that young children organize 
information of the basis of perceptual attributes. A reduction in
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memory capacity has been attributed not merely to a decreased ability 
to organize the information, but due to a decreased ability to 
categorize the way adults do.
Training and Transfer of Organization
Previously, the developmental useage of organizational abilities 
has been investigated. After learning that younger children do not 
organize along the same patterns as adults, two important questions 
remain: Can the young child be taught an organizational strategy and
if the younger child can learn this strategy, will it transfer to a 
similar task?
Research investigating training of an organizational strategy has 
manipulated instructions and sorting of criterion variables. The 
subjects have either sorted the words into experimenter selected or 
subject selected categories or were given instructions regarding 
grouping of related items. After sorting, recall of the information is 
achieved in a free recall paradigm or constrained recall where a subject 
is cued to recall the elements of a specific category together before 
recalling words from the next category.
Investigating the effects of precueing for grouping of related 
items and no precueing, Williams and Goulet (1975) varied recall as to 
either constrained or free. The benefit the 4-year old subjects received 
from constrained recall was enhanced category clustering. VJhether or 
not the child was precued did not alter the ability of the 4-year old 
to remember the drawings. Therefore, for the 4-year old, it seems that 
if instructions to group the material are given, they fail to group the 
items even though they know the similarities. However, if the young child
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is cued to a category, the search pattern is facilitated and recall 
improved.
Investigating effects of organization on the recall of 6-, 10-, and 
14-year olds, Rosner (1971) administered instructions to recall the 
information as best as possible or gave instructions to group or rehearse 
the items. Oddly, the rehearsal instructions consisted of the subject 
separately repeating each item in the list. For chunking, instructions 
indicated finding a mediational link between items. The 6-year olds 
were unaffected by either the rehearsal or organization condition.
Rosner (1971) was suprised to find no rehearsal effects but it seems the 
effects found were appropriate when the subjects were forced to rehearse 
in a child-like fashion. Inability of the 6-year olds to organize was 
expected due to the complexity of organizational processing. For
10-year olds, the grouping condition was better for recall of words 
than either the standard or rehearsal conditions. The 10-year olds in 
the grouping condition were not different from the 14-year olds in any 
of the other conditions. The 14-year olds did not differ when given 
different instructions.
Using sorting techniques instead of explicit instructions, Liberty 
and Omstein (1973) utilized three sorting groups: free, fourth grade
pattern, or adult pattern. Each age group was divided into three 
conditions, one group was the free sorting pattern, then from the free 
sorting pattern of each age the fourth grade sorting pattern and adult 
sorting pattern were formed. Subjects in these two groups were yoked 
to subjects in each of the age groups free sorting group. Conclusions 
indicated that the 9-year olds forced to sort like adults indicated
34
improvement in free recall. Interestingly, the adults forced to sort 
items like the 9-year olds were unable to recall as effectively as 
those yoked to an adult-sorting pattern. In examining the sorting and 
organizational patterns of 8-, 10-, and 12-year olds, Bjorklund, Omstein 
and Haig's (1977) results complimented Liberty and Omstein 's (1973) 
findings. The 8-year olds and 12- year olds did not benefit from a 
constrained adult sorting pattern but the 10-year olds did. The 8-year 
olds although forced to sort into semantic categories did not recall in 
the same fashion. In opposition, the 12-year olds in the non-cons trained 
group sorted and recalled similarly to the unconstrained group (adult- 
like sorting).
Schribner and Cole (1972) found that 7-year olds in the constrained 
condition performed as well as the 9-year olds in the cued condition and 
the 9-year olds in the constrained condition performed as well as the
11-year olds in the cued condition. Conclusions indicated that merely 
making the categories available to the children does not force 
organization along category lines. However, if required to recall 
members of one category before moving to members of another category, 
recall is facilitated.
Results from the training of organizational strategy studies seem 
to indicate that the 4- to 8-year old is unable to benefit from training 
if allowed free recall whereas 9- to 12-year olds are able to benefit 
fron training even in a free recall paradigm. The 4-, and 8-year olds 
can benefit from constrained recall whether or not forced to sort like 
adults prior to recall.
Transfer of organizational strategies has been measured after
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subjects have undergone training of organization. The time laps from 
training to measurement of transfer have ranged from irmediately up to 
six months. Bjorklund, Qmstein and Haig (1977) found 10-year olds but 
not 8-year olds able to demonstrate significant transfer of training to 
a new task with improvements in recall corresponding to changes in 
sorting techniques. Schribner and Cole (1972) did not find a difference 
between constrained and cued groups during a transfer phase, perhaps 
because the groups were not given instructions regarding the benefit of 
organization. Tested six months after initial work, Moely and Jeffrey
(1974) found only a fifth of the 6- and 7-year olds in the trained 
group were able to recall the grouping strategy.
From the research conducted thus far, it seems that training of 
organizational techniques facilitates the performance of a young child. 
However, if the young child is put in a different situation, the 
child reverts to his old technique of remembering items. This strategy 
does not include organizing the items based on semantics. Consequently, 
the 9-year old fails to transfer organizational techniques but by
12- or 13-years of age, the strategy transfers.
With regards to organization of kinesthetic information, the 
literature is limited for adults and nonexistent for children. Since 
developmental differences exist between adults and children in ability 
to perform motoric skills, the intent of the third study in this paper 
will be to determine the effects of organized material, unorganized 
material, and unorganized material accompanied with organizational 
instructions. An expansion of the study will determine the transfer of 
the organizational strategy.
Rehearsal
In the verbal literature, a consistent finding has been an increase 
in word recall as a function of age (Cole, Frankel & Sharp, 1971). 
Rehearsal, an iterative process where materials in STS are repeatedly 
attended to in a serial fashion (whether or not presented serially), is 
probably the most effective strategy for transforming information and 
has been utilized to explain the increases in word recall noted by 
Cole et al. (1971). Ihe fact that active rehearsal is an efficient 
strategy has been documented by several researchers (e. g. Keery,
Cannizzo & Flavell, 1967; Omstein, Naus & Liberty, 1975).
Initially research investigating rehearsal suggested that the 
frequency of item rehearsal was related to recall (Rundus, 1971;
Rundus & Atkinson, 1970), however, recent studies stress the importance 
of the type of rehearsal or quality of rehearsal, not simply the quantity 
(Craik & Watkins, 1973; Jacoby & Bartz, 1972; Woodward, Bjork &
Jcngeward, 1974). Consequently, for efficient rehearsal an active 
process must take place which is highly related to organizational 
properties. As mentioned earlier, immediate memory capacity has been 
surpassed when a serial position curve is present. The most recently 
presented items are ranembered due to their position in STS, but the 
early and middle itans are either lost or exist outside STS. The 
suggestion in the literature has been made that the more acitve and 
effective rehearsal mechanisms of the adults and older children in 
contrast to the younger ones, improves recall of early and middle items 
of a list (i. e. they are transfered to LTS). Hie focus of this 
section will cover the quantitative and qualitative developmental trends
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regarding rehearsal
The strategy of rehearsal must be learned in addition to the 
appropriate utilization of the strategy. The process appears to be 
under the subject's conscious control and is analagous to implicit speech 
(Chi, 1976). Additionally, rehearsal is time dependent. Cavanagh (1976) 
discovered a direct relationship between presentation rate and rehearsal. 
With a curtailed interitem pause, less rehearsal and a consequent 
decrement in performance was evident. Thus rehearsal cannot take place 
without sufficient time during the interresponse interval.
Indirect measurements of rehearsal monitor the children's lip 
movements (Flavell, 1970), the electrcrayographical correlates of subvocal 
speech (Lock & Ferr, 1970), chosen inter item pause times of the children 
(Belmont & Butterfield, 1971), primacy effects in the serial position 
curve (Cole et al., 1971; Kingsley & Hagen, 1969), and acoustic 
confusion during recall (Conrad, 1971; Hayes & Rosner, 1975). More 
direct methods of studying rehearsal are the overt rehearsal procedures 
modeled after the work of Rundus and Atkinson (1970) (Cuvo, 1975;
Kellas, McCauley & McFarland, 1975; Omstein et al., 1975).
A free recall paradigm investigates what portion of the serial 
learning curve is recalled most efficiently. Since rehearsal is 
regarded as either maintaining information in STS or transforming to 
LTS, items recalled first (recency) are assumed in STS while items 
recalled last are assumed to have been transferred to LTS (primacy).
Since this investigation is concerned with the utilization of control 
processes for transformation to LTS, scrutinization of primacy effects 
due to rehearsal will be undertaken.
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Generally the age at which children are judged to have learned 
a rehearsal strategy is about 5 years. Both direct and indirect 
methods of studying rehearsal suggest that the probability of a child 
engaging in deliberate rehearsal increases with age (Omstein & Naus, 
1978). By the age of 7-years, the child spontaneously rehearses. 
However, even though a child above the age of 5 rehearses, their 
rehearsal pattern differs from adults. Omstein et al. (1975) have 
evinced that with increased age, rehearsal activity and not frequency 
correlated with the probability of recall from LTS. Data from the 
experiments of Omstein et al. (1975), Cuvo (1975) and Kellas et al.
(1975) found that the younger children displayed a rote rehearsal 
pattern whereas the older children and adults combine the strategies 
of grouping, recoding and rehearsal. Consequently, with increasing age, 
the child tended to include a greater number of items in each rehearsal 
set. By not giving subjects instructions to rehearse, Omstein, Naus 
and Stone (1977c) demonstrated that the rehearsal pattern of second and 
sixth graders changed: the change existed in the number of items
rehearsed together as well as the actual items.
Data from several experiments support the contention that 
younger children rehearse in a rote fashion whereas the older children 
use organization and rehearsal. Omstein et al. (1975) established 
that third graders tended to rehearse each to-be-remembered item as it 
was presented either alone or in minimal combination with other items. 
The eighth grade subjects on the otherhand intermixed several words in 
each rehearsal set. Naus, Omstein and Aviano (1977a) and Omstein 
et al. (1977c) verified that when young children (second and third
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grade) were forced to rehearse groups of items, the age differences 
were virtually eliminated.
What appears evident is that children initially learn rote rehearsal, 
subsequently beginning to include several sequential items in the 
rehearsal group, and finally reentering prior items at later periods of 
rehearsal. Cuvo (1975), using a list length of 20 words and requiring 
written recall from fifth and eighth graders and adults, hypothesized 
that the reentry of prior items may have facilitated organization by 
allowing the stimuli to ccme in close proximity with other list menhers. 
An increase in the number of subjects utilizing the grouping pattern was 
apparent with increased age. With subsequent associations determined, 
list items were grouped, recoded and entered into LTS.
Consequently, rehearsal appears to lead to the generation of an 
organization plan. In a second experiment, Omstein et al. (1975) 
utilized lists of words from ccnmon taxonomic categories. Half of the 
third, sixth, and ninth graders received the items blocked on taxonomic 
category and half received the items presented in a randan sequence.
An interesting occurance with the ninth graders in the blocked rehearsal 
was that there existed a series of minature serial position effects.
In contrast, the third graders rehearsed passively, but their recall was 
superior under blocked conditions.
Omstein, Naus and Miller (1977b) explicated the Omstein1 s et al.
(1975) study. Sixth graders were instructed to rehearse either 
passively (alone) or actively (several itens) when given either unrelated 
items, related items and unrelated items blocked by category. Results 
were similar to those of Omstein et al. (1975) . The performance of
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the subjects in the passively rehearsing group varied as a function of 
organization. The subjects in the related blocked condition recalled 
more than subjects in the related random condition which in turn 
recalled more than those in the unrelated materials condition. The 
difference in the two rehearsal techniques in the recall of initial list 
items was smallest in the related-blocked conditions.
Similar to the results by Cuvo (1975), Naus, Omstein, and 
Kreshtool (1977b) found that in the overt rehearsal condition, third 
and sixth graders rehearsed the same number of items, but the content 
of the groups was different which might explain the improved performance 
of the sixth graders. The content of the sixth graders rehearsal set 
was much more varied than that of the third graders. Sixth graders 
tended to rehearse the present word with two other randomly chosen words 
whereas the third graders always chose the previous two words.
Taken together the findings of Omstein et al. (1977a, 1977b, 1977c), 
Naus et al. (1977a, 1977b), and Cuvo (1975) suggest that the effects of 
rehearsal vary as a function of: the occurance of active rehearsal,
grouping of the items, the structure available in the material, and 
reentry of previously presented items at a later point in rehearsal. 
Research has produced evidence that when instructed to incorporate a 
more active rehearsal strategy, task performance was facilitated.
The literature is sparce regarding rehearsal of kinesthetic cues 
and exists mainly for adults. Attempting to equate kinesthetic rehearsal 
to rehearsal of verbal and visual materials, Adams and Dijkstra (1966) 
demonstrated that overt repetition of a positioning movement produced 
increased recall accuracy and reduced forgetting regarding force cues.
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Pepper and Herman (1970) found that an increased mrriber of successive 
repetitions increased recall errors,
Stelmach and Bassin (1971) incorporated rehearsal consisting of 
actively attempting to replicate the criterion movement. The results 
indicated that after a 20 sec retention interval, these active 
estimations increased absolute errors and produced a positive shift in 
constant error. However, did the authors fail in attempting to equate 
rehearsal in the verbal learning literature? Words are discrete and 
when rehearsed are rehearsed correctly. Movements on the other hand 
are continuous and if an estimation is made, the estimation may be 
highly inaccurate. Relating to Schmidt's Schema Theory (1975) and 
Adams' Closed Loop Theory (1971), movement traces in the early phases 
of learning are subject to rapid decay. Thus, in estimating the 
movement, the subjects were rehearsing an incorrect movement with a 
consequent interfering task between presentation of criterion movement 
and recall— definitely not rehearsal.
Refering to unpublished data Stelmach (1971, as cited in Stelmach, 
1974) considered two types of rehearsal: goal related rehearsal and
non-goal related rehearsal. Results demonstrated that the errors of the 
goal related rehearsal group experienced a decrement in performance 
(similar to the findings of Stelmach & Bassin, 1971), whereas the non­
goal related group displayed a biasing due to the rehearsal.
Stelmach and McClure (1973, cited in Stelmach, 1974) compared 
active and passive estimations, paced repetition and location rehearsal. 
Results were that remaining at the target location was the most effi­
cient form of rehearsal. Since rehearsal acts as an agent to maintain
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information in STS or as a transformer to LTS, the location information 
was in STS and before the subject could return the slide to the 
criterion location the sensation faded. However, by remaining at the 
location, an intervening task did not interfere (movement of the slide) 
and subsequent encoding and rehearsal moved the information from 
sensory store to STS and probably LTS.
Duffie, Montague, Laabs and Hillix (1975) investigated overt 
rehearsal with regards to moving a stick in a horizontal plane.
Subj ects either estimated movement end location or made three 
successive movement distances. Results produced demonstrated that 
rehearsal did not aid retention. Once again it appears that a possible 
decay of the codes before processing could have happened.
No current information exists in the motor development area with 
regards to a child's developmental ability to utilize rehearsal to aid 
recall of movements. Consequently it will be the purpose of this fourth 
study to determine the facilitatory effects of rehearsal in availing 
grouping and recoding of information.
Conclusions
Empirical cross-behavioral research (motor and verbal learning) has 
rendered overwhelming support to the extant fact that with increased 
age children cognitively process increased information or process the 
same information in a decreased time span (Chi, 1976; Drucker & Hagen, 
1969; Eimas, 1969; Gallagher & Thomas, 1980; Mitchell, 1977; Thomas, 
Mitchell & Solmon, 1979). Once it is understood that differences exist, 
the research must explicate the differences.
Chi's (1976) incipient work has banded together a multistore theory
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of learning and developmental differences. Elucidation of differences 
was posited in a lack of ability of the younger child to encode the 
information as quickly as adults and to utilize the control processes 
of grouping, recoding, and rehearsal. A further area of possible diff­
erence not mentioned by Chi (1976) but felt important here is the sensory 
store. The relevant verbal learning literature has found no develop­
mental differences between children and adults for iconic and echoic 
memory. Iconic memory has been proposed to last up to 500 msec 
(Neisser, 1967), and echoic memory up to 2 sec (Crowder, 1976). For 
the kinesthetic sensory store, no information is available.
A second study purported to demonstrate the developmental diff­
erential ability to recall various numbers of movements will be 
undertaken. The young child should be able to recall one movement 
equally to the adult but with longer lists, the child is at a disadv­
antage.
Two major control processes evident during the intertrial pause 
are organization and rehearsal. In this paper organization refers to 
the dual processes of grouping and recoding. For the verbal learning 
area, a developmental progression of grouping and recoding exists. The 
young child below about 5 years appears to group on perceptual 
properties as opposed to taxonomic properties even though the child is 
cognizant of the taxonomic properties. Beginning around 7 to 8 years, 
the child begins to develop more symbolic processing. At approximately
11-to 12 years, children seem to recode the items into categorical 
units instead of merely grouping the information. Also, the younger 
child may not benefit from experimenter presented organization.
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An organizational strategy can be effectively taught to the younger 
child. However, the generalization of the strategy is not apparent to 
the young child and when faced with a new but similar task, the young 
child is unable to organize the information along the same lines as the 
adult.
Rehearsal is highly related to organization and again exhibits 
developmental trends. Prior to about age 5, children do not spontane­
ously rehearse. But even after they are capable of rehearsing, their 
method of rehearsal differs from that of adults. Young children up to 
about the age of 10 to 11 years rehearse items in a rote manner. Between 
the ages of 7 to 12, children begin to develop the ability to utilize 
active rehearsal. Initially grouping items for rehearsal, they finally 
learn the adult rehearsal plan in that the rehearsal groups contain the 
most recently presented items and a random selection of two previous 
items. It is hypothesized that this adult rehearsal strategy allows the 
ability to develop connections among related items (forcing grouping and 
recoding).
Kinesthetic information is extranemly inportant in motor learning.
In Schmidt's (1975) schema theory, kinesthetic information is necessary 
for the development of the recognition schema (in relation to response 
specificactions). Of extreme importance is the ability to remember the 
post sensory signals in order to develop an error labeling system. 
Consequently, if the child's sensory store is not equivalent to or not 
as long as the adults, then there is an Initial deficit in ability to 
encode as much information as the adult due to a fading sensory store 
or will not have as much time to utilize various control processes.
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Subsequently, if the child does not possess the control processes of 
grouping, recoding, and rehearsal then there will be a deficit in long 
term knowledge base with an associated lack of accessibility to the 
information.
General Statement of the Problem 
The direction of this paper is determination of possible causes for 
developmental processing differences with regards to motor skill per­
formance. During the intertrial interval, the older child and adult are 
able to manipulate the same information (kinesthetic and KR) in a fashion 
different from that of the young child for improved performance. From 
the literature reviewed, four areas (occuring during the intertrial 
interval) of developmental processing deficits need further investigation: 
sensory store, memory capacity, grouping and recoding, and rehearsal. 
Kinesthetic Sensory Store Problem
The initial investigation of sensory store will utilize a dual 
task paradigpi where the subject's entire mental capacity is required to 
repeat an age appropriate message. During repeating of the message, 
movements will be made on a linear slide to constrained stops.
Interruption of the message will require the child to recall a movement 
made either 0, 400, 800, 1600, or 2000 msec previously.
Research Hypotheses
Based cn the literature reviewed, it is hypothesized that:
1. There will be no differences in kinesthetic sensory store be­
tween 5-, 7-, 11-, and 19-year olds. A demonstration of no differences 
will exist if an age x interval interaction is not evident.
2. For all age groups, there will be a cubic effect that will
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render information regarding the length of kinesthetic store, A cubic 
effect represents a break in a linear response with subsequent two 
changes in direction. Ihe break in the linear recall function would 
estimate the legnth of the kinesthetic store.
3, If the levels of the curves for the four age groups are not 
significantly different, then the motor control of the subjects of 
different ages does not vary. On the other hand, if the curves for the 
four ages are different, the adults and older children will have finer 
motor control than the young children.
Memory Problem
A differential in ability to recall various numbers of movement 
will be investigated. The subject will be asked to recall, one, three, 
or five movements to investigate an age x list length interaction. 
Research Hypotheses
Based on the literature review, it is hypothesized that:
1. An increase in the error scores will be apparent when the 
number of positions recalled is lengthened. Ihe best recall will be 
for recall of only one position while memory for 5 positions will be 
less efficient. Recall of 3 positions should fall between memory of 1 
and 5 positions. This difference will be evident in the main effect 
for raniber of positions. The positicn(number of positions) interact­
ion will partially elucidate at what positions the differences occur.
2. For recall of one movement there will be no significant diff­
erences in performance. Thus, there will not be an age main effect.
3. Forced to recall three movements, there will be no significant 
differences in performance between the 5- and 7-year olds or the 11-
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and 19-year olds, but there will be a significant difference between 
the younger two and older two groups. This will be evident in an age x 
position interaction.
4. When recalling five movements, each age will be significantly 
different from each other age with an indirect relationship between 
decreased error and increased age. A significant age x position effect 
will be evident.
Organization Problem
The developmental differences regarding grouping and recoding of 
kinesthetic information will be scrutenized in this study as well as the 
transfer of an organizational strategy. The ability of the various ages 
to utilize experimenter presented organization, subjective grouping 
and recoding, and training of an organizational strategy mil be 
incorporated.
Research Hypotheses
Based on the literature reviewed, it is hypothesized that:
1. For each group, the error scores of the 5-year olds will be 
greater than the error scores of the 7-, 11-, and 19-year olds. The 
hierarchal order will be 5-, 7-, 11-year olds with the 19-year olds 
displaying the least error.
2. Within ages, the performance of the 5-year olds in the training 
group will be superior to the performance of those in the organized or 
unorganized groups. The 7-year olds performance in the organized and 
training groups will be superior to the performance of the unorganized 
input group. For the 11- and 19-year olds, initial performance of the 
organized and training groups will be superior to the performance of the
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unorganized and training groups. However, with increased presentation, 
grouping and recoding of information will occur and the differences 
between the groups will narrow. By the final trial, the adult 
performance in the unorganized and training groups should emulate the 
performance of the organized input group.
3. An age x organizational group interaction of the error scores 
will exist in that the subjective organization recall paradigm will be 
of more detriment to the performance of the 7-year olds than the 11- 
and 19-year olds. The organized and training of organization groups 
should facilitate performance of the 7-year olds.
4. During the transfer trials, the training group of 5- and 
7-year olds will not utilize the organizational strategy learned during 
the training phase. Ihe 7-year olds will utilize the strategy 
regarding organized input. However, the 11- and 19-year olds will 
organize the information given than. This will be determined by the 
transfer groups performance for the 7- and 11-year olds being inferior 
to their performance during the training phase. The 11-year and 19-year 
olds performance will not differ from the learning phase to the 
transfer phase.
Rehearsal Problem
The final hypotheses to be investigated concern rehearsal. It is 
thought that an active rehearsal process facilitates grouping and 
recoding in view of the fact that several items not presented serially 
are rehearsed together. This investigation will scrutenize adult, child, 
and self-inposed rehearsal strategies.
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Research Hypotheses
Prom the literature presented, it is hypothesized that;
1. The adult strategy will elicit superior performance over the 
child strategy. Since the self-determined strategy is hypothesized to 
change between 7- to 11-years of age, the performance of subjects in 
the self-determined strategy will fall between that of the subjects in 
the adult and child strategy groups. This effect will be noted by a 
significant group main effect.
2. The adult rehearsal strategy will facilitate the performance 
of the 5- and 7-year olds above the performance of the children 
utilizing the self-determined strategy and the child strategy. A 
significant age x strategy interaction would denote this effect.
3. The adult rehearsal strategy for the 11-year olds might be 
minimally facilitatory as opposed to the 11-year olds utilization of 
the self-determined strategy. For the adults no difference in perform­
ance will exist between the adult rehearsal and self-determined rehearsal 
strategy groups. The age x strategy interaction will signifiy this 
effect.
4. The performance of the 5- and 7-year olds in the child rehearsal 
strategy will not differ from the performance of the respective ages in 
the self-determined strategy. For the 11-year olds and adults the child 
rehearsal strategy will be detrimental to their performance as compared 
to the self-determined and adult strategy groups.
Operational Definitions
Sensory Store
A storehouse for information from movement prior to categorization
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or before known labels are attached.
Organization
Organization is considered to be a dual process of grouping and 
recoding. Grouping is the process used to combine long strings of stim­
uli into groups. Recoding is the process whereby two or more symbols 
in STS are concatenated and transformed into LTS as one unit or chunk. 
Rehearsal
Rehearsal is an interative process where materials in STS are 
repeatedly attended to in a serial fashion (whether or not presented 
serially).
Assumptions
1. The four ages selected (5-, 7-, 11-, and 19-year olds) are 
representative of the changes that occur in increased ability to 
process information.
2. A deficit is present in children as compared to adults in 
ability to process information.
3. The linear slide is a reliable instrument for measuring 
performance change.
4. The prefered method of organization is short-to-lcog movements 
(experimenter presented organization).
Limitations
1. The children were representative of one geographic location.
2. The generalizations drawn are limited due to the utilization 
of constrained movements.
Significance of the Study
Developmental differences regarding improved task performance have
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been demonstrated and discussed by researchers and practioners for 
extended periods of time. However a lack of research regarding the 
causes of these differences is evident. This series of studies is an 
initial attempt at investigating several possible causes of performance 
differences between children and adults in order that an eventual state­
ment of implications for the practioner for structuring the learning 
situation may be made.
Reasons for developmental differences in the motor area can be 
posited in three separate areas: physiological, developmental kinesio-
logical, and information processing. With increased age the child's 
physiological parameters are ever increasing: for example increased
height, weight, strength (Asmussen, 1973), and working capacity (Adams, 
1973). Additionally, extensive research has investigated developmental 
kinesiological changes such as developmental form of fundamental motor 
patterns with the addition of increased lever length and maximal 
rotation, e. g. Wickstrom's (1977) generalized description of the 
fundamental motor patterns of throwing, catching, striking, etc.
Although these areas of research produce viable data, they are virtually 
tied to maturation. An area of research recently receiving attention 
regards developmental information processing of reliable kinesthetic 
cues. Theoretical research in this area would begin to untangle 
cognitive control processes utilized to maintain kinesthetic information 
in memory for production of a motor response.
From a theoretical standpoint, this series of experiments 
endeavors to determine developmental differences between children and 
adults— an elucidation of processing deficits. The experimental
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research base regarding the ability of children to utilize kinesthetic 
information for reproduction of motor tasks is limited.
An initial problem that might be facing children is if their 
sensory stores are not equivalent to adults. "With fewer cues available 
or a restricted length of store, the processing of information by 
children would immediately be supressed. By determining either the 
equality or inequality of sensory store, the planning of repeated 
stimulus exposures to allow sufficient encoding of stimuli could begin.
To more clearly understand the processes of grouping, recoding and 
rehearsal, the memory differences for a series of movements render 
interpretation of when children are forced to use the processes of 
adults. During intertrial intervals, utilization of control processes 
for organization (grouping and recoding) and rehearsal appear to be of 
extreme importance. Additionally, demonstration of whether or not 
adult strategies can be learned in general and then transfered to other 
situations is of importance to the teacher. If the developmental 
differences exist in the organization and rehearsal of kinesthetic 
information that exist in the verbal organization and rehearsal 
literature, then the more efficient control processes of adults can 
be elicited from the children by properly structuring the learning 
environment for each situation.
Before a scientific approach to teaching children can be developed 
for the practioner, the functioning organism must be thoroughly 
understood regarding the manner of processing information for task 
improvement. Consequently, once the child is understood, a natural 
sequence of dissemination of the information to the practioner will
render structuring of efficient learning situations.
CHAPTER II 
METHODODDGICAL CONSIDERATIONS
A series of four experiments will be conducted pertaining to the 
developmental trends in performance of a simple motor task. Initially, 
kinesthetic sensory store will be investigated to determine if child­
ren have as much information available for processing as adults. 
Secondly, memory for one, three, or five positions will be assessed. 
After discovering if differences exist between adults and children in 
memory for various nurrbers of positions, two experiments will attempt 
to determine where adult-child processing differences exist. Included 
will be the effects of organization and rehearsal upon motor task 
performance.
Regarding the developmental abilities of organization and 
rehearsal, there appear to be several ages where the processes vary. 
The use of control processes do not consistently appear prior to age 5. 
Around 7- to 8-years initial forms of the processes are evident, while 
around 11- to 12-years of age the children seem to begin effective use 
of control processes normally employed by adults. Since 5-, 7-, and 
11-years of age appear to be substantial breaking points in age 
differences for utilization of control processes, these ages are 
included in this series of studies. In addition, as a constant comp­
arison group, adult subjects (19-year olds) were tested,
Since subjects in the studies will be the same ages and the
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instrumentation will be identical, there is one description of the 
subjects and instrumentation. Within each procedure section, any 
needed modifications in the equipment will be included. Four procedures 
sections are presented, each followed by its concomitant design and 
data analysis.
Subjects
For this series of studies, 280 5-, 7-, 11-, and 19-year old 
right handed subjects were selected. The 5-, 7-, and 11-year olds were 
enrolled in Magnolia Woods, Wildwood, Highland Hoad, Port Allen, and 
Cahn Elementary Schools and Port Allen Middle School. These schools 
are located in East and West Baton Rouge Parishes. Permission for 
access to the students was obtained by the appropriate personnel 
(superintendent, principal, and parent). For permission slips see 
Appendix A. The 19-year old subjects were freshmen and sophomore 
students at Louisiana State University.
The kinesthetic sensory store study utilized 40 subjects, 10 each 
at 5- (X=5.41 yrs, SD=4.12 mos), 7- (X=7.64 yrs, SI>3.89 mos), 11- (X=
11.14 yrs, SD=2.6 mos), and 19- (X=19.00 yrs, SD=13.25 mos) years of 
age. The study investigating organization had three randomly formed 
groups at each age level, 5- (X=5.40 yrs, SD=4.49 mos), 7- (X=7.49 yrs, SD 
4.60 mos), 11- 00=11.40 yrs, SD=4.49 mos), and 19- @5=19.03 yrs, SD=
10.55 mos) years with 10 subjects per group (total N=120). Three groups 
were included in the rehearsal investigation, thus requiring a total of 
120 subjects. Each age group 5- (X=5.60 yrs, SEK3.80 mos), 7- @5=11.51 
yrs, SIM3.67 mos), 11- @5=11.51 yrs, SI>=5.77 mos), and 19- @5=19.38 yrs, 
SD=29.85 mos) years necessitated 30 subjects which were randomly assigned
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to a rehearsal group (N per group=10).
Instrumentation
Measurement of performance was ascertained by a Nunonics Model 
1224 electronic digitizer. The reading head of the digitizer was 
mounted on a plexiglass template (measuring 92 cm square) with the handle 
of the traverse arm resting In one of four precut grooves which are 
parallel, and at 15°, 30°, and a 85° angle to the reading head. Ihe 
starting position is closest to the left of the subject and gradually 
moves away from the subject as the handle is moved to the right (See 
Figure 1). Consequently, measurement is made in cm of a linear distance 
that is angled away from the subject.
From the starting position, a stop can be placed every 5 cm. 
Strategically located on the template is a screen to block vision of the 
movements when necessary.
General Procedures
Each subject was escorted by the experimenter to an isolated 
testing area within each school. The subject sat on a chair that was 
either raised or lowered depending on the height of the subject. With 
the subject facing the equipment, familiarization with the equipment 
proceeded. After the subject became acquainted with the experimenter 
and the testing situation, the subject sat facing the reading head of 
the digitizer for the kinesthetic store and rehearsal study, and with the 
right shoulder perpendicular to the reading head for the organization 
study. Instructions explaining the task were given (See Appendix A) . 
After instructions were administered, yet prior to practice and data 
collection, the subject's vision was blocked by lowering the curtain
'—    — — — —
Figure 1. Nunonics digitizer and linear slide template.
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attached to the template.
Kinesthetic Sensory Store Procedures
Housed in a dual task paradigm, this experiment required the subj­
ects to attend to the primary task of shadowing (repeating) an age 
appropriate passage (See Appendix A). A secondary task of movements 
to randomly selected stops was utilized to measure kinesthetic sensory 
store.
Modifications of the described instrumentation were necessary. To 
maintain a constant interval between the movement to the target location 
and subsequent recall, a Lafayette 54419 clock counter was used. At 
the criterion location, the experimenter started the clock. After a 
specified interval, the experimenter instructed the subject to recall 
a certain position previously presented.
Before testing, the subject learned to move the slide at a rate of 
10 cm in 50 msec. This aided presentation of the required movements in 
a selected recall interval. The intervals between presentation and 
recall- were inmediate (referred to as 0 although it is realized there 
is a minimum time delay required in returning to the start), 400, 800, 
1600, and 2000 msec. Either two, four, or six movements prior to 
presentation of the criterion movement were randomly assigned to one of 
three trials per interval. The pre-criterion movsnents were randomly 
assigned without replacement to trials. For each recall delay interval, 
the number of intervening movements with pre- and post-movements is in 
Table 1. Prior movements are presented first followed by the 
criterion movement. The last colum indicates the intervening move­
ments between presentation of criterion and recall. The criterion
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Table 1
Movement Series for Kinesthetic Sensory Store Study
CRITERION DELAY
TRIAL PRIOR MOVEMENTS MOVEMENT POST MOVEMENTS INTERVAL
1 5 35 30 25 45 40 55 15 10 1600
2 50 35 5 10 15 55 25 10 30 800
3 50 15 45 10 20 30 5 35 40.55 2000
4 45 25 35 20 30 50 40 400
5 40 15 55 10 25 35 50 5 2000
6 50 35 5 10 15 55 40 0
7 30 10 5 35 25 800
8 15 45 10 5 400
9 20 30 35 55 25 40 45 1600
10 5 40 35 45 30 0
11 40 45 55 10 25 50 400
12 30 25 15 0
13 40 25 15 55 50 20 45 30 35 25 10 5 2000
14 55 35 25 15 20 30 10 800
15 30 45 65 55 35 25 15 50 10 40 20 1600
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position was selected for each interval such that a short, medium, 
and long movement were included in each delay interval,
As part of the instructions the child was familiarized with the 
method of recall. A series of pictures was presented to the child and 
the child was required to name a certain picture named so many positions 
ago. This was done until the child understood how to count back from 
the last picture presented. Prior to starting the testing, the subject 
was also tested on various positions. Several positions were presented 
to the child, and the child was then ■ asked to recall a certain pos­
ition ago.
Initiating testing, the tape recorder was turned on and the subject 
started to shadow the message. After it was deemed that the subject was 
concentrating on repeating the message, the secondary task began by 
the experimenter initiating movement of the handle by the subject.
The experimenter assisted the subject in moving to the predetermined 
stops. All movement was ceased at the preselected location and then 
initiated immediately. This procedure was continued until the approp­
riate recall delay interval elapsed. Subsequently, the experimenter 
turned off the recorder, and instructed the subject to recall the 
position presented a certain number of movements previously. Therefore, 
the interval between presentation and recall remained constant with 
respect to time delay and number of intervening movements for each 
delay interval. Complete instructions are in Appendix A.
An example of a trial is that after the subject started shadowing 
the message, the experimenter initiated movement of the subject’s hand. 
The subject knew to move the handle until the experimenter stopped the
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movement. Upon arrival at the criterion, the experimenter initiated 
■movement either to the right or left until the experimenter again stopped 
the movement. If this was the 2000 msec interval group on trial 5, two 
movements would be presented prior to the criterion location, then 
presentation of the target location followed by five additional 
movements. The last five movements would be made in 2 secs. After the 
experimenter turned off the tape recorder, the subject was instructed 
to recall 'the fifth movement ago'.
The procedures continued until each delay interval was randomly 
experienced by the subject three times. Due to the range effects, 
within intervals an equal number of long and short movements were 
made. Error scores consisted of single AE, CE, VE and absolute CE 
(ICEI) scores blocked across the three trials.
Design
Initially a 4 (age) x 2 (sex) x 5 (delay interval) completely 
randomized design with a factorial arrangement of groups and repeated 
measures on the last factor was utilized. If no sex differences are 
apparent, the sex effect will be collapsed and the design will revert 
to a 4 (age) x 5 (delay interval) completely randomized design with 
a factorial arrangement of groups and repeated measures on the last 
factor.
Data Analysis
For AE, and ICE I, separate ANOVA's will be calculated with the 
specific error score as the dependent measure. On the CE-VE combination 
score, a MANOVA will be calculated. Separate ANOVA's will follow-up 
significant effects for each of the dependent variables CE and VE.
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Orthogonal comparisons were utilized to detect linear, quadratic 
and cubic interval effects.
Organization Study Procedures
A unique problem facing measurement of grouping, recoding, and 
rehearsal of kinesthetic information is knowing exactly which movement 
the subject intends to reproduce. In order to facilitate measurement, 
each position was labeled. However, the labels must be carefully 
chosen to equate meaningfulness. Movement positions presented with 
meaningful, non-meaningful or no labels were recently compared by Shea 
(1977). • Over a 5 sec unfilled retention interval, no differences 
existed between the subjects. When asked to wait 60 sec, the no label 
and irrelevant label groups' performance was not different, but the 
relevant label groups' performance was significantly superior to the 
other groups. A follow-up experiment investigated whether the relevant 
label provided a more effective cue than the kinesthetic trace on the 
recall of the criterion position. The paradigm provided for inclusion 
of a misleading cue. Results indicated that the misleading label 
biased the subjects.
Investigating 4-year old children’s use of labeling, Bush and 
Cohen (1970) discovered that labeling of geometric shapes, whether 
relevant or irrelevant, improved retention. Recency and primacy effects 
were found for both groups.
For the organization experiment and the rehearsal experiment, 
meaningful labels will be utilized. Movements utilized in the testing 
were labeled relative to their spatial position.
Since interitem pause time is measured in the next two experiments,
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modification of the instrumentation will include microswitches mounted 
at the starting location. Upon contact with the start, a microswitch 
will initiate a Model 54517-A Lafayette Electronic Clock which will be 
connected to an MFE tape printer. Removal of the handle from the start 
location stops the clock.
Three groups will be utilized for the grouping and recoding exp­
eriment— experimenter presented organization (EPO), subjective organiza­
tion (SO), and a training group (TO). The subjects in the training 
group will be given instructions to group the information such that at 
recall, they will recall items in a similar fashion from one trial to 
the next. The positions for all groups will be 10, 15, 20, 25, 30, 35, 
40, and 45 cm movements. For the randomly presented group (SO), and 
the training group (TO), the positions used each trial will come from 
a row in a matrix of positions such that for multiple presentations, 
a movanent will not precede or follow another movement more than once, 
nor will the movement be presented in each serial position more than 
once (See Table 2 for the trial presentation orders). The organized 
positions group (EPO) received presentation of movements in an order 
ranging fran short to long.
After familiarization procedures, the experiment was divided into 
two phases, training and transfer. The training phase utilized the 
track on the template that was at a 30° angle to the reading head, while 
the transfer phase utilized the track parallel to the reading head. 
During each phase, the subjects were presented 8 positions during every 
trial with 8 trials given per phase. For the SO and TO groups, each 
trial consisted of a rearrangement of positions whereas for the EPO
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Table 2
Presentation Matrix of Randomized Movements 
for the Subjective Organization and Training Groups
Training Positions
(cm)
Trial 1 2 3 4 5 6 7 8
1 25 30 20 35 15 40 10 45
2 45 10 40 15 35 20 30 25
3 40 45 35 10 30 15 25 20
4 30 35 25 40 20 45 15 10
5 35 40 30 45 25 10 20 15
6 10 15 45 20 40 25 35 30
7 15 20 10 25 45 30 40 35
8 20 25 15 30 10 35 45 40
Transfer
1 45 10 40 15 35 20 30 25
2 30 35 25 40 20 45 15 10
3 10 15 45 20 40 25 35 30
4 35 40 30 45 25 10 20 15
5 40 45 35 10 30 15 25 20
6 20 25 15 30 10 35 45 40
7 25 30 20 35 15 40 10 45
8 15 20 10 25 45 30 40 35
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grpup the arrangement was constant.
To begin each trial the subject was instructed to move the handle 
to the stop, leave it there for 2 sec and return the handle to the start. 
This procedure was followed for the 8 positions in the trial. The eigh­
th position signaled recall and upon returning to the start, the subj­
ect was allowed to recall the positions in any order taking as much time 
as desired. All trials followed the same procedure. At the concl­
usion of trial 8, a one minute rest was given after which the transfer 
phase began. During the rest period, the experimenter moved the handle 
to the correct trackway and reset the digitizer, Instructions given to 
all groups indicated that the subject should recall the positions as best 
as possible, See Appendix A for complete instructions. During recall, 
error scores and interitem pause times were measured.
Error scores consisted of both spatial and temporal error scores 
converted to AE and CE measures.
Design
The initial design of the study is a A (age) x 2 (sex) x 3 (organ­
ization group) x 8 (positions) x 8 (trials) completely randomized design 
with a factorial arrangement of groups and repeated measures on the last 
two factors for the training and transfer phases. If sex is not a sig­
nificant factor then the sex effect will be collapsed and the design for 
the training phase will be a 4 (age) x 3 (organization group) x 8 
(trials) x 8 (positions) completely randomized design with a factorial 
arrangement of treatments and repeated measures on the last two 
factors.
During the transfer phase the performance of the 5-year olds
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is only measured across 4 trials, thus 2 separate designs will be 
utilized. A 4 (age) x 3 (organization group) x 8 (positions) x 4 
(trials) design will be utilized for the first four trials. The 
second design will drop the performance of the 5-year olds but will 
include all 8 transfer trials. The design therefore is a 3 (age) x 3 
(organization group) x 8 (positions) x 8 (trials) completely randomized 
design with a factorial arrangement of groups and repeated measures 
on the last two factors.
To indicate differences between training and transfer, the last 
trial of training will be compared to the first trial of transfer. 
Additionally, the fourth and eighth trials of the training and transfer 
phases will be compared to indicate maintenance of differences. The 
design will be a 4 (age) x 3 (group) x 8 (positions) x 2 (trials) 
completely randomized design with a factorial arrangement of treatments 
and repeated measures on the last two factors. When comparing the 
eighth'trials, there will only be 3 ages.
Subjective organization will be calculated and be utilized in a 
4 (age) x 3 (organization group) x 7 (trials) completely randomized 
design with a factorial arrangement of treatments and repeated measures 
on the last factor.
Data Analysis
Separate ANOVA's will be calculated for AE and CE dependent 
variables. Follow-up Newman-Keuls multiple range tests will be used 
where appropriate. Of importance in the ANOVAfs is a significant age 
x group, and age x group x trials interaction. A significant age x 
group interaction with follow-up effects in the desired direction
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would suggest that the younger children were unable to organize the 
material when presented randomly, but could benefit from experimenter 
presented organization. In the age x group x trials interaction, the 
performance of the adults in the SO group should equal the EPO groom 
by trial 8. Generally, the adult EPO performance should rapidly reach 
an accurate level whereas the adult SO performance will reach the level 
of performance of the EPO group but not as rapidly. The performances of 
the younger children in the SO group on the other hand will not vary 
from trial 1 to trial 8. Adult and child performances across trials 
should improve for the subjects in the EPO groups. Follow-up 
Newman-Keuls will indicate the positions within the trials 
that improved. It is expected that the initial and middle positions 
will demonstrate improvement.
Rehearsal Study Procedures
Once again grouping and recoding will be investigated but 
accompanied by active rehearsal in attempts to familiarize the subject 
with the relationships among the positions. The treatments utilized 
will be adult, child, and subject-determined rehearsal strategies. The 
subject-determined strategy is considered to be a control and is expect­
ed to vary with age. Consequently, the process of rehearsal as a 
facilitatory factor of organization will be investigated.
For maintenance of a constant amount of time spent rehearsing, 
the trials were tape recorded. Interitem rehearsal time regained 
at 8 sec for all groups. Subjects in the child strategy group moved to 
a position where they remained for 8 sec. After rehearsing the 
location for 8 sec, the subject released the handle and the exper-
68
imenter moved the handle to the next position. The remaining 7 
positions were presented and rehearsed in a similar rote manner. After 
rehearsal of the last movement, the subject was instructed to recall the
positions in any order, taking as much time as necessary.
The subjects in the adult strategy grasped the handle at the first 
position and remained for 8 sec. Subsequently releasing the handle, 
the subject regrasped the handle at the second position and remained 
there for 3 sec. After releasing the handle, the subject'regrasped the 
handle at the first location for 3 sec, then released the handle and 
regrasped the handle at the second position for 2 secs. For the 
third and all subsequent positions, the subject grasped the handle at 
the new location for 2 secs, followed by 2 secs of practice at each of 
2 previously presented positions, and returned to the new position for 
2 additional secs. Rehearsal groups were selected such than no 
positions were presented as a group if they were spatially located
together. The rehearsal order for the trials are in Table 3.
Following the rehearsal of the last movements the subject was 
instructed to recall the movements in any order taking as much time 
as necessary for recall.
Ihe subject-determined rehearsal groups were given instructions 
that between each position presented in a trial, they had 6 sec of 
additional time to practice to aid subsequent recall. If they 
wanted to rehearse the location of any position, they stated the position 
name. Ihe experimenter placed their hand on the handle that had 
been positioned at that location. During the interval, they were 
allowed to rehearse as many positions as they deemed relevant within
Table 3
Rehearsal Order and Rehearsal Pattern 
for the Different Strategies
Trial 1
1 2
SERIAL POSITION 
3 ' 4 5 6 7 8
Position 35 20 10 45 30 40 15 25
Rehearsal 35 20 20 35 10 25 45
Group 20 35 35 10 30 45 10
10 45 40 40 15 25
Trial 2
SERIAL POSITION
1 2 3 4 5 6 7 8
Position 20 30 40 15 45 25 10 35
Rehearsal 20 20 30 20 40 40 10
Group 30 30 40 30 15 25 25
40 15 45 25 10 35
Trial 3
SERIAL POSITION
1 2 3 4 5 6 7 8
Position 30 45 20 35 25 10 40 15
Rehearsal 30 45 45 45 25 10 30
Group 45 30 20 35 35 20 40
20 35 25 10 40 15
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the allocated time. Each interitem interval position rehearsed was 
recorded.
All groups received three trials, one trial on each of the 
three angles of the digitizer. Order of angles was counterbalanced. 
Design
To determine if order of presentation was an influential factor 
a 3 (order) completely random design was utilized. If order was not 
significant, the design reverted to a 4 (age) x 3 (strategy) x 2 (sex) 
x 3 (angle) x 8 (positions) completely randomized design with a 
factorial arrangement of treatments and repeated measures on the last 
two factors. If angles are not factors in the movement error, the 
error scores will be collapsed across angles to create both temporal 
and spatial AE, CE, VE, and ICEl scores. If sex is not a contributing 
factor, the sex effect will be collapsed. Therefore the resultant 
design is a 4 (age) x 3 (strategy) x 8 (positions) completely randomized 
design with repeated measures on the last factor.
Data Analysis
A MANOVA with dependent variables VE and CE and two ANOVA’s 
with the dependent variables AE and ICE I will be utilized to ascertain 
performance change. Follow-ups to the MANOVA will be separate ANOVA's . 
Newman-Keuls multiple range tests will be the ANOVA follow-ups.
Effects of importance to this study are determination of significant 
age x group interactions for the error scores. Hie young child's 
performance should be significantly inproved if forced to use an adult 
strategy as opposed to using a self-determined or child strategy. On 
the other hand, the adult that is forced to utilize a child strategy
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will display significantly reduced performance as compared to an adult 
using a self-determined or adult strategy. Consequently, within each 
age group, the adult strategy should elicit best performance and the 
child strategy the poorest performance. The self-determined strategy 
will equal the adult strategy when performed by the adults but the 
child strategy when performed by the younger children.
Memory Capacity Study Procedures
The memory capacity involved in remembering a certain number of 
movements was investigated in this study. Either one, three, or 
five movements were presented and error in recall measured.
The subjects in the rehearsal study were utilized in this study. 
Following a brief question and answer session for the rehearsal study, 
the subj ect was told he was going to move to either 1, 3, or 5 
posiitions. Prior to each series of movements, the subject was told 
the exact number of positions to be presented. The word move initiated 
movement of the handle by the sub j ect to the criterion position. After 
delaying for 2 secs at the stop, the signal return to the start was 
given. Depending on the number of positions to be remembered, the 
subject was either instructed to recall or moved to 2 or 4 additional 
positions and was then instructed to recall. All nine positions were 
unique and order of presentation of series length was counterbalanced. 
Design
The initial design was a 4 (age) x 2 (sex) x 3 (angle) x 3 
(number of positions) x location (number of position^. If the 
sex effect was not significant, it was collapsed and the design 
reverted to a 4 (age) x 3 (angle) x 3 (number of positions) x location
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(umber of positions) completely randomized design with a factorial 
arrangement of factors and repeated measures on the number of positions. 
Data Analysis
Separate ANOVA's for AE and CE scores were run for both spatial 
and temporal error. Follow-up techniques included Newman-Keuls 
multiple range tests and follow-up ANOVA's for each series of 
movements.
It is expected that when given merely one position there will be 
no age effect thus signaling that both the younger child and adult are 
equally able to recall one position. However when given 3 positions, 
the older child and adult do something different than the younger 
child and are more able to remember the positions than the younger 
child. This will be evident in a significant age effect with 
follow-ups indicating differences between the 5- and 7-year olds as 
a group and the 11- and 19-year olds. When asked to recall 5 positions, 
there will be an aging effect with the 19-year olds more able to 
remember the positions and a linear decrease in recall with decreased 
age.
Summary of Predicted Findings
Of importance to this chapter is comprehension of predicted 
findings. The previous literature has rendered developmental conclu­
sions of adult-child differences in the verbal learning area while this 
series of experiments attempt to produce some initial research inves­
tigating developmental changes in utilization of kinesthetic informa­
tion.
Attempts at determining differences must originate with detection
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of availability and length of the trace of kinesthetic information.
Ihe initial study attanpts this by investigating kinesthetic sensory 
store. Since no developmental differences have been concluded in 
the verbal literature, it is felt that no differences in availability 
of information or length of kinesthetic store will exist. A unique 
problem may exist however with fine motor control. The problem is 
resolved by interpretation of the levels of the slopes for the 
age x delay interval interaction.
If the information is equally available to the children prior to 
processing, the next problem undertaken will be demonstration that 
given one unit of information there are no developmental differences. 
However, if given additional movements, there will be developmental 
differences. The adult will incorporate some process to enable 
memory of the additional movements.
After evaluation is made of the preprocessing variables of 
kinesthetic store, investigation of effects of organization will be 
undertaken. Due to a deficit in recoding and grouping abilities, the 
younger child's performance will not improve across trials if in an 
SO group. However, significant improvement should be noted for the 
7-year old in the EPO group. Adults should be able to utilize the 
control processes of recoding and grouping such that by the last trial 
the difference between the SO and EPO groups within adult performance 
will not differ.
When a transfer test is given, the 5- and 7-year olds are not exp­
ected to generalize the strategy to the new task. On the other hand, 
the 11- and 19-year olds should not experience a detriment in
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performance between the phases.
Rehearsal, which aids grouping and recoding, is examined in the 
final study. Rehearsal should assist the child in recoding and 
grouping if in the adult strategy group but recall performance will be 
hindered for those subjects in the child strategy group. The 
self-determined strategy group acts as a control. For adults, the 
self-determined and adult strategy groups performances are anticipated 
to be similar whereas for the children the child and self-determined 
strategy groups will be similar.
CHAPTER III
RESULTS AND DISCUSSION OF THE KINESTHETIC SENSORY STORE STUDY
Prior to determination of significant adult-child processing dif­
ferences, investigation of the equality of sensory store (pre-processing) 
across ages seems appropriate. Subjects were required to recall 
presented movements in which an attempt was made to block processing 
of the information. Only significant findings will be presented in 
each section. For complete statistical tables and means and standard 
deviations see appendix B.
Sex Differences
The original design of the study was an age x sex x interval 
completely randomized design with repeated measures on the last factor. 
However, out of a possible 16 main effects and interactions for AE, CE,VE, 
and ICE I, none were significant. Therefore, the design was collapsed 
to an age x interval completely randomized design with repeated measures 
on the last factor.
Age x Interval Effects
AE, and ICE I were analyzed utilizing separate ANOVA’s, while CE 
and VE were dependent variables in a MANOVA. The age main effect was 
significant for AE error scores, F(3,36)=2.88. Follow-up techniques 
failed to detect differences among ages (See Figure 1). Shedding light 
on the age effect, an age x interval effect was also significant for 
AE scores, F(12,144)=2.07. Follow-up techniques indicated differences
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Figure 1. Performance of the various ages In recall of a movement 
prior to categorization.
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only at the inmediate recall interval. At this interval, the 5- and 
7-year olds responded similarly, as did the 11- and 19-year olds. Each 
age in one group was significantly different from the ages in the 
other group. No differences were detected among ages at delays of 
recall for 400, 800, 1600, or 2000 msec (See Figure 2).
Of major importance for this study was the interval effect which 
was significant in separate ANOVA's for AE and ICEl, F(4,144)=21.14, 
10.76, and the MANOVA for CE-VE, Wilks Lambda (2,4,144)=.30. Follow- 
up ANOVA's for CE and VE were also significant, F(4,144)=36.69,31.93. 
Interpretation of AE scores indicated that inmediate recall allowed the 
subjects to perform with less error when compared to all other intervals. 
Recall after 400, 800, and 1600 msec was similar. The performance of 
the subjects at 800 and 1600 msec was improved when compared to the 
recall following 2000 msec. Thus, a deterioration in performance was 
evident after immediate recall with no subsequent differences (See 
Figure 3).
Measuring the individual consistency of undershooting or over­
shooting the criterion positions, ICEl scores did not indicate differ­
ences between immediate recall and delays of 400 or 1600 msec.
Inmediate recall and a delay of 1600 msec did aid performance when 
compared to a delay of 800 and 2000 msec. The performance at a delay 
of 400 msec differed from the performance at 800 msec, but not 2000 
msec. Recall after a delay of 2000 msec was not different from the 
performance after a delay of 800 msec. Therefore, ICEl demonstrated a 
consistency of the individual either undershooting or overshooting 
for inmediate recall, or 400 msec delay, but an increase in variability
Figure 2. Performance of the various ages across the delay intervals
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Figure 3. Performances across the various delay intervals based on AE and ICE I scores.
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and response biasing for 800, 1600, or 2000 msec delay of recall 
(See Figure 3).
An indication of group response biasing, CE and VE indicated 
consistent minimal overshooting for inmediate recall. The performance 
after an 800 msec delay varied from all other recall groups. Delay of 
1600 msec was significantly less detrimental to performance than a 
delay of 2000 msec. Variability of performance (VE) indicated 
differences between immediate and 800 msec as a group from a delay of 
400, 1600, and 2000 msec. All other combinations were not different 
(See Figure 4).
Interpreting CE and VE together indicate that for immediate recall 
and recall after a 400 msec delay, no differences in overshooting the 
target exist. However, at the 400 msec interval, the subjects perfor­
mance is far more variable than at the immediate recall. For 800 msec 
delay, the subject consistently overshoots the target (consequently a 
smaller VE score). Performance at 1600 and 2000 msec delay indicated 
that the subject begins undershooting the target with extreme 
variability in performance.
In addition to NeHman-Keuls multiple range tests, orthogonal 
comparisons were utilized to determine linear, quadratic and cubic 
effects. AE, ICEl, CE, and VE scores demonstrated significant linear 
effects, F(l,144)=58.29, 11.32, 50.67, 69.26. Significant quadratic 
effects were detected for CE, F(l,144)=60.02. Cubic effects were 
indicated for AE, ICEl, and VE, F (1,144)=21.19, 9.50, 18.13. The 
linear effects apparent in AE are between inmediate recall and recall 
after a 400 msec delay. A change in the curve occurs with a leveling
Figure 4. Performances across the various delay intervals based on CE and VE scores.
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off of error between 400 msec and 1600 msec. An increase in error 
begins again with 2000 msec delay (See Figure 3).
Linear effects indicated for iCEf are between immediate recall and 
a delay of 800 msec. The cubic effects are evident with a decrease in 
error at 1600 msec followed by a rapid increase after a 2000 msec delay.
CE error scores indicate linear effects betweem inmediate recall 
and a delay of 400 msec. A sharp increase in error is noted at an 
800 msec delay, possibly accounting for the quadratic effects. The 
cubic effect is evident by the drastic change from great overshooting 
to undershooting followed by an increase in undershooting at the 
2000 msec delay interval (See Figure 4).
Interpretation of the findings of this study lend credence to 
the hypothesis that prior to processing of the information, no 
differences exist as to the availability of information in kinesthetic 
sensory store. Additionally, length of store appears equal across 
ages.
Discussion
From the results of this study no developmental differences appear 
to exist for kinesthetic sensory store. This finding is in agreement 
with the sensory store studies of iconic (Fihkel, 1973; Morrison,
Holmes & Haith, 1974; Sheingold, 1973) and echoic (Allik, 1973;
Frank & Rabinovitch, 1974) memory.
Estimation of the length of sensory store is hazadarous but there 
appears to be a trend of maintenance of the information at 400 to 
1600 msec after which a further detriment to performance is noted.
Although AE scores indicate a leveling of performance after a
delay of recall between 400 to 1600 msec, ICEl, CE, and VE allow 
detection of differences. At the 400 msec interval CE, VE and ICEl 
indicate that the subjects on the average undershot the target much less 
than after a delay of 800 msec. But in that responding, high var­
iability among subjects is noted although the individual is fairly 
consistent. On the other hand, at the 800 msec interval extreme 
overshooting is occurring, but the subject is consistent in that 
performance. Additionally, performance after a delay of 1600 
msec indicates great variability in undershooting. Therefore, 
although AE displays a consistency in performance at a delay of 400 
to 1600 msec, great variability in performance is noted at 400 msec, 
while at 1600 msec a consistency to overshoot the criterion is noted.
A drastic change from overshooting to undershooting is noted after a 
delay of 1600 msec accompanied by extreme variability.
Hypotheses
Predictions set forth in Chapter I will be systematically 
discussed in this section. Significant effects from the various error 
scores in support of the hypotheses will be interpreted in light of 
those effects failing to support the hypotheses.
Age x Interval Effects
The prediction was made that no significant age x interval 
interactive effects would be present, thus indicating equality of 
sensory store across ages. CE, VE, and ICE I supported the predictions 
with no apparent age x interval effects. On the other hand, AE 
indicated a significant age x interval effect. Follcw-up techniques 
detected that the major differences existed between ages at the
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inmediate recall interval. At this interval, the 5- and 7-year olds 
responded similarly as did the 11- and 19-year olds. Ihe possibility 
exists, that since the recall was inmediate, the 11- and 19-year 
olds, in anticipation of responding, automatically processed the 
information while the 5- and 7-year olds did not. (This is more 
completely discussed in the General Discussion chapter in light of 
memory of one position). Consequently, with reservation of the 
inmediate delay interval for AE scores, the null hypothesis that an 
.age x interval interaction would not be apparent was supported.
Cubic Effect
Rendering information as to the length of sensory store, a 
significant cubic effect was predicted for AE scores. The cubic 
effect was significant for AE, CE, VE, and ICEl. Interpreting AE 
scores, inmediate recall proved to be more efficient that a delay of 
recall. A delay of 400 , 800, or 1600 msec rendered similar recall 
whereas a delay of 2000 msec once again caused a detriment beyond 
that of 400 , 800, or 1600 msec. ICEl, CE, and VE indicated that 
although with inmediate recall performance was always best, delays 
of 400 to 2000 msec caused differences in responding regarding biasing 
and variability. Therefore, the null hypothesis that no cubic effects 
would be apparent was rejected, and the research hypothesis supported. 
Age Differences
If age differences were significant, a difference in motor control 
of the sub j ect would have been evident. The age effect was significant 
for only AE. No significant differences among ages were detected in 
the follow-up tehcnique. Consequently, in absolute ability to recall,
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minor motor control differences were possibly apparent. However, a 
significant age x interval interaction indicated a difference in 
performance at immediate recall with no subsequent difference. Since 
the age main effect included the age x interval effects, the difference 
in ages might only exist at immediate recall where the information 
was vulnerable to processing.
In consistency of undershooting or overshooting, and variability 
of performance, no age differences were detected. Also, in the 
individual consistency to undershoot or overshoot, no age differences 
were detected. Consequently, the null hypothesis that no age differ­
ences would be apparent failed rejection. Reservation is made however 
in absolute ability to perform, consequently suggesting either 
processing of the information or a motor control difference.
Conclusions
Sensory store appears to be consistent regardless of type of 
information available. Whether visual, auditory, or kinesthetic 
information is available, no developmental differences exist. The 
difference exists in length of store between modes of input. It 
appears that kinesthetic information falls in the continuium between 
visual and auditory information.
The major indication of this section was that the difference 
between children and adults can not be attributed to initial avail­
ability of the information, whether more information is available 
or the information is available longer.
The next step in indicating differences between children and 
adults exists with the facilness of various movement series lengths.
CHAPTER TV
RESULTS AND DISCUSSION OF THE MEMORY STUDY 
The developmental change in processing can be detected by 
investigating the ability to remenber various series of movements.
This study investigated the ability of 5-, 7-, 11-, and 19-year olds 
to remenber a series of 1, 3, or 5 positions across trials. Complete 
statistical tables and means and standard deviations are in Appendix 
C.
Sex Differences
Initially a series of age x angle x sex x number of positions x 
location(nunber of positions) completely randomized design with 
repeated measures on nunber of positions and locations was utilized 
to determine apparent sex bias. Out of a possible 16 main effects and 
interactions, none were significant. Therefore, the sex main effect 
was collapsed and the design reverted to an age x angle x nunber of 
positions x location(number of positions) completely randomized 
design with repeated measures on number of positions and locations. 
Ninber of Positions Analyses
An age x angle x number of positions x location(nuber of posi­
tions) ANOVA was utilized to detect differences among movement series. 
Dependent variables were temporal and spatial AE and CE. Follow-up 
analysis included separate ANOVA's on each movement series.
Temporal error, indicating the order of recall, and spatial
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error, indicating the recall of a spatial location, are identical vhen 
collapsed across location(nuriber of positions). Identical terms are 
indicated since the scores are acutally raw scores and not means across 
trials. Therefore, vhen location (number of positions) is not an 
effect, only AE and CE will be referenced, otherwise temporal and spa­
tial scores will be discussed.
Of significance was an age effect for AE and CE, F(3,108)=34.97, 
3.06. Follow-up techniques indicated that 5-, and 7-year olds performed 
significantly differently from each other and from the 11-, and 19-year 
olds. The 11-, and 19-year olds performances were similar. With 
respect to CE scores, the follow-up technique failed to render 
significant differences (See Figure 5). However, the absolute 
values were toward less biasing with increased age.
The nunber of positions presented caused significant effects in 
ability to perform for both AE and CE scores, F (21,678)=21.47, 16.07. 
From a Newraan-Keuls follow-up analysis (using a harmonic mean for 
unequal N's, Winer, 1971), AE scores indicated that 1 position is 
remembered more efficiently than a series of movements (See Figure 6).
No differences seem to exist for memory of 3 or 5 positions. On the 
other hand, CE scores demonstrate a significant linear trend for 
memory of 1 position superior to memory for 5 positions. Memory of 
3 positions falls between 1 and 5.
Extending the number of positions effect, a partial explanation 
of the differences is due to the age x number of positions interaction, 
significant for AE and CE, F(6,648)=2.32, 2,37, Minimal differences 
appear between ages when there is 1 location to recall.
Figure 5. Age differences in memory of positions based on AE and CE scores.
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The only significant effects indicated were between the 5- and 19-year 
olds (See Figure 7). Memory of 3 and 5 positions seaparate the 5- and 
7-year olds who recall less efficiently than the 11- and 19-year olds 
as a group. Response biasing contributes to the detrimental perfor­
mance of the 5-year olds for recall of a series of 3 movements and the 
5- and 7-year olds in recall of 5 positions (See Figure 8).
A location (number of positions) effect was significant for temporal 
and spatial AE and CE scores, E.(6,648):=4.33, 2.07, 29.91, 65.28.
Spatial and temporal AE indicated that no difference exists between the 
locations closest to the start when recalling just 1 movement or for 
the first position recalled or the position closest to the start when 
recalling a series of 5 movements (See Figure 9). Temporal CE on the 
other hand does not Indicate a difference of recall when a series of 
3 or 5 positions are recalled. The second and third location in a 
series either spatially located or temporally recalled does not vary 
when considering absolute recall. Response biasing is apparent only 
for the spatial location. For a series length of 5, no differences 
among the last 3 locations was evident for temporal AE and CE scores.
The spatial location did evidence a difference between location 3 
and 4 as a group from 5 for AE and CE scores (See Figure 10).
Separate ANOVA1 s
Further interpretation of the effects evident in the above 
analysis was accomplished by a separate ANOVA on each series of 
movements (1, 3, or 5 positons).
Memory for 1 location has a significant age and angle effect 
for AE scores F(2,102)=3.10,3.04, while CE did not indicate significant
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5 7. Age effects across number of positions based on AE scores.
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Figure 8. Age effects across the various nunber of positions based
on CE.
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effects. Age and angle effects did not have significant differences 
among the ages or angles in follow-up analyses (See Figures 11 and 12).
When attempting to remenber 3 locations, AE error had a significant 
age effect, F(3,108)=17.39. CE was not significant with respect to 
age. The performance of the 5-year olds appeared to be the causal 
factor in the differences.
Spatial AE and CE had significant location effects, F (2,216)=3.47, 
36.91. For the location effects, locations 1 and 2 were not signifi­
cantly different from each other, but each were significantly different 
from positions 3 (See Figure 14). Spatial CE scores demonstrate that 
each position is significantly different from each other position.
Thus, the AE scores appear to be due to great overshooting of the 
proximal positions, undershooting the distal positions, and no 
response biasing of the middle positions.
Spatial AE displayed a significant age x location interaction, 
F(2,216)=2.97. At location 1, the 5- and 7-year olds as a group 
responded with less accuracy than the 11- and 19-year olds. At 
location 2, the only apparent difference was in the poor performance of 
the 5-year olds. The 11- and 19-year olds responded as a group 
for recall of location 3, but were significantly more accurate in 
recall than the 5- or 7-year olds. The 7-year olds performed with 
significantly less error than the 5-year olds at location 3 (See 
Figure 15).
Investigating memory of 5 locations, significant age effects 
were once again evident for AE and CE scores, F(3,108)=24.10, 3.37.
For 5 locations, not just the 5-year olds responded with increased
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Figure 11. Age effects for recall of 1 position based on AE scores.
AE
CYE&fs)
97
Figure 12. Performance on the different angles based on recall 
of one position (AE).
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Figure 15. Performance of the various ages across positions based
on spatial AE scores. £  = 5-year olds
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error but the 7-year olds did also. Thus, only the 11- and 19-year 
olds responded similarly. All other combinations of ages performed 
differently (See Figure 16). CE follcw-ups did not detect significant 
differences among ages. Thus a response biasing did not cause the 
AE scores.
Location effects were significant for temporal AE and CE scores 
and spatial CE, F(4.432)=6.52, 3.22, 89.54. Temporal AE error for 
location 5 was different from locations 1, 2, and 4. Performance 
at location 3 was only different from that at location 5 (See Figure 
17). The only difference evident for temporal CE was between 
locations 1 and 5. Spatial CE indicated that the 2 locations closest 
to the start were recalled equally. All other combinations were 
significantly different (See Figure 18),
Spatial AE and CE resulted in differential age x location 
performances, F(12,432)=3.15, 6.42. Follow-ups of AE and CE effects 
(See Figure 19) displayed expected findings. For positions 1, 2, and 
3, there is minimal error difference among 7-, 11-, and 19-year olds. 
Only the 5- and 19-year olds are different at position 1. At positions 
2 and 3, the 5-year olds are different from all other ages. Moving 
to position 4, the 5- and 7-year olds react as a group who perform 
differently from the 11- and 19-year olds. At the 5th position, the 
5- and 7-year olds respond differently from each other and from the 
11- and 19-year olds as a group. No response biasing differences 
were evident until position 3 where only the 5-year olds undershot 
significantly more than the others. Movement to position 4 indicated 
differences between the 5- and 19-year olds. The performance of the
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Figure 16. Age effects for recall of 5 positions based on AE scores.
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Figure 18. Performance across positions based on spatial CE scores.
- 6-
- 8-
POSITION
Figure 19
SPATIAL AE SPATIAL CE
POSITION
0 =  5-year olds 
£ =  7-year olds
Q=ll-year olds 
□=19-year olds
- 6-
-10-
- 16-
-18-
- 20 -
-22-
POSITION
Performance of the various ages across positions based on spatial AE and CE scores.
106
5- and 7-year olds at position 5 was due to their increased under­
shooting of the criterion movement.
Spatial CE scores demonstrated a significant age x group x 
location interaction, F(24,432)=1.56. Since the level of significance 
is borderline, an interpretation is hazardous.
Discussion
Spanning the analyses, the general findings indicated an age 
differential with respect to ability to remember a varied series of 
positions. Regardless of the nunber of locations, differences among 
ages was apparent. The 11- and 19-year olds performed most effectively, 
with a decrease in performance for the 5- and 7-year olds.
A difference was evident in the nunber of positions the subject 
was forced to recall. Memory of 1 location was far more efficient 
than memory for 3 or 5 locations. Minimal difference was evident in 
recall of 3 and 5 locations.
Ability to recall 1 position appeared to demonstrate that the 
5-year olds recalled 1 position less efficiently than the 7-, 11-, 
or 19-year olds in absolute ability to recall. Regarding memory of
3 positions, the 5-year olds once again were unable to recall as 
efficiently as the 7-, 11-, or 19-year olds. Forced to recall 5 
positions, the 7-year olds recalled as effectively as the 11- and 
19-year olds through position 2. After position 2, the 7-year olds 
separate from the older ages at an ever increasing rate. The 11-year 
olds performance does not differ from the 19-year olds until location
4 after which they increase in error.
As discussed by Chi (1976), a serial position curve exists if
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the memory span has been surpassed. Recall of 3 positions does not 
display a serial positioning curve. In contrast, a linear recall of 
information is apparent which is in agreement with Magill and Dowell 
(1977) when memory span is not surpassed. Interpretation of a serial 
position curve is difficult (See Figure 20) when regarding 5 locations. 
Hie dip in the curve at position 1 could be explained by automatic 
spatial encoding of position (especially since the 5-, 7-, 11-, and 
19-year olds performances are not diverse). However, a second 
interpretation is also plausable. If plotted spatially (See Figure 9), 
a steady increase in error is evident as the positions range from the 
start.
Hypotheses
Interpretation of the hypotheses stated in Chapter I is the 
focus of this section. Each hypothesis is discussed separately with 
the supporting or non-supporting effects included.
Number of Positions
Differences between the nunber of positions recalled was 
overwhelmingly supported. Temporal and spatial AE and CE detected 
differences between nunber of positions to be recalled. AE error 
indicated differences between memory of 1 position and memory for 
3 or 5 positions as a group, but no difference between 3 and 5 posit­
ions. On the other hand, CE displayed a linear decrease in error 
which was related to a decrease in the nunber of positions to be 
recalled. Hie memory for a series of positions varies as a function 
of the nunber of positions in the series. The difference existed at 
each location and not just those added. Therefore, from the results
I 2
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Figure 20. Serial position curve for recall of 3 and 5 positions.
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presented, the null hypothesis that no differences exist between 
varied series length was rejected.
One Position
No age differences were predicted for memory of one position.
AE error indicated an age effect, however, follow-up techniques did not 
detect differences between the ages. CE error did not produce a 
significant effect. Consequently, with reservations, the null 
hypothesis stating that no age differences would be evident for memory 
of one position failed rejection. If a difference is evident, it 
is attributed to a cululative effect of error achieved across the 
ages.
Three Movements
When attempting to remenber 3 positions, prediction was made that 
5- and 7-year olds would respond similarly as would 11- and 19-year 
olds, but each age in one group would be significantly different from 
each age in the other group. Once again the hypothesis was 
partially supported. AE error scores demonstrated significant 
differences, with the 5-year olds responding differently from all 
other ages. However, CE error did not detect differences among ages. 
Consequently, the specific hypothesis for responding was not apparent. 
The null hypothesis of no differences between ages was rejected.
The difference that does seem apparent is for responding by the 5-year 
olds.
Five Positions
A differential age effect should be apparent when forced to 
remember 5 locations. Predictions indicated that each age would
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respond differently from each other age. An age effect was evident 
for AE and CE scores. AE follow-ups indicated that 11- and 19-year 
olds responded similarly, but both were significantly different from 
all other ages. CE error did not produce follow-up differences.
Thus, the null hypothesis that no age effects would be indicated was 
rejected. However, the exact direction of age differences was 
anticipated except for the equality of the 11- and 19-year olds. 
Conclusions
The memory for a series of positions study indicated that age has 
an effect on the error with respect to the number of positions to be 
recalled. Few differences exist for memory of one position across 
age, but with an increase in the number of positions to be recalled 
an ever widening gap between the ages across positions occurs.
Minimal differences were evident for 1 position, but for 3 positions 
the 5-year olds performance deteriorated. When 5 positions were 
presented, deterioration was evident in the performance of the 7-year 
olds.
The differences discovered in this study are important for 
interpretation of the studies to follow. Since a differential exists 
in memory for 5 positions, a series of 8 should cause greater separa­
tion of the ages. Interpretation of the decrease in the error for 
the various ages must be done with these differences in mind.
CHAPTER V 
RESULTS AND DISCUSSION 
TRAINING AND TRANSFER OF ORGANIZATION STUDY
The use of an organizational strategy to recall information 
appears to be developmental in nature for verbal information. 
Investigation was undertaken to determine the effects of organized 
input (EPO group), unorganized input (SO group), and the training 
(TO group) of an organizational strategy to process unorganized input. 
Additionally, transfer of the strategy utilized in the training phase 
was incorporated. After determining if a sex differential is present 
in responding, the analyses will be divided into the training and 
transfer phases across trials, followed by the differences between 
the two phases. Complete statistical tables and means and standard 
deviations can be found in Appendix D.
Sex Effects
Initially, an age x group x sex x trial x position completely 
randomized design with repeated measures on the last two factors was 
utilized for temporal and spatial AE and CE. Out of a possible 178 
sex main effects and interactions, only 12 were significant. 
Consequently, the sex effects were collapsed and the design reverted to 
an age x group x trials x position completely randomized design with 
repeated measures on the last two factors.
Ill
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Training and Transfer Trials
Since there is only one observation per subject, the main effects 
and interactions where positions is not a factor do not differentiate 
between spatial and temporal error. Therefore, unless positions is in 
the effect, only AE and CE will be discussed. When positions is a 
factor, AE and CE will be divided into spatial and tenporal error 
scores. Recall temporal error indicates the order of recall regard­
less of the location on the template. Spatial error on the other 
hand indicates the ordered distance fron the target.
In order to maintain perspective, remember that transfer of 
performance was measured one minute after training. Ihe angle for 
presentation and recall of positions was changed. All groups received 
unorganized input on every trial. Since the 5-year olds only performed 
for 4 trials, while the 7-, 11-, and 19-year olds perfromed for 8 
trials, two separate analyses were utilized. Ihe initial analysis 
investigated differences among the four ages for the first four trials 
but the subsequent analysis determined differences among the 7-, 11-, 
and 19-year olds across 8 trials.
Ihe age effect was significant for AE error scores for training 
F(3,108)=68.68, the first four trials of transfer, F (3,108)=69.62, 
and all eight trials of transfer, F(2,81)=27.08. Temporal or spatial 
response biasing was not indicated. Interestingly, the age differences 
do not withstand the test of time. For the training phase, there is 
a linear decrease of error with age. Each age is significantly 
different from each other age. With respect to CE error, although 
all ages averaged undershooting, only the 5-year olds performed
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differently from all other ages. Including all eight transfer trials 
but dropping the 5-year olds, once again all ages were significantly 
different. The performance of the 7-year olds indicated significantly 
less efficient recall than the better performing 19-year olds. The 
performance of the 11-year olds falls between the two groups (See 
Figure 21).
Group effects were only evident with respect to CE scores for the 
first four trials of transfer, F(2,108)-10.06. The organized and 
training groups did not differ but as a group they undershot the 
positions significantly more than the subjects in the unorganized 
group (See Figure 22).
Significant trial effects were evident for AE and CE scores for 
training trials, F(7,756)=8.76, 9.42. Trial effects were not 
apparent for the first four trials of transfer but were indicated 
when all eight trials were considered for the 7-, 11-, and 19-year 
olds, F (7,567)-2.06, 2.23. For training and transfer follow-up 
analyses, no significant differences were detected among trials 
(See Figures 23 and 24).
Allowing further explanation of the age and trial main effects, 
an age x trial interaction was significant for AE and CE scores for 
the training phase, F(9,324)=2.09 , 4.72, and CE error for the first 
four trials of the transfer phase, F(9,324)=7.18. A visual inspection 
of the interaction (See Figures 25 and 26) suggests that the 5-year 
olds performance does not improve across trials whereas with the 7-, 
11-, and 19-year olds, the span apparent at trial 1 narrows through 
trial 8. Consequently, the 7-year olds have greater improvement
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Figure 21. Effects of age for the training trials, first four trials of transfer, and all eight 
trials of transfer.
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Figure 23. Performance across trials during the training phase based on AE and CE scores. 116
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Figure 24. Performance across the eight transfer trials based on AE and CE scores.
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Figure 26. Age groups' performances across the first four trials of
transfer based on CE scores.
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across trials during the training phase. For the first four trials of 
the transfer phase, the only age that appears to decrease in under­
shooting performance is once again the 7-year olds.
CE group x trial effects were evident for the first four trials 
of transfer, F(6.324) =2.10. A plot of the interaction indicates that 
for trial 1, the EPO (experimenter organized group) and the SO 
(unorganized input group) groups did not differ greatly, while the 
TO (training) group significantly undershot the positions. After trial 
1, the SO groups undershot the target less than the EPO groups (See 
Figure 27).
Explaining the interaction of age, groups, and trials, during the 
training phase, CE scores indicated a significant age x group x 
trials interaction, F(42,756)=l,39 (borderline). Of significance is 
the effect of training on the performance of the 5-year olds (See 
Figure 28). Clearly, the 5-year olds in the TO group reduced under­
shooting over those children in the SO or EPO groups. For the other 
ages, the EPO input group appears superior during the initial trials 
but is equated with the other groups across the trials.
Position effects were apparent for temporal and spatial AE and 
CE scores for training, transfer with four trials, and transfer with 
eight trials, F(7,756)=15.45, 22.61, 43.52, 101.07, 4.77, 5.91, 36.33, 
23.12, 18.29, 6.56, 50.48 and 20.93. During the training phase 
(See Figure 29), temporal AE demonstrated a slight bowing in that the 
last position recalled was remenbered more effectively than the 
preceding position. In opposition, spatial error appears to be
slightly less than temporal error through trial 5, after which a
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Figure 27. Strategy groups' performances across the first four trials
of transfer based on CE scores.
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28. Age groups' performances for the different strategies across 
the training trials based on CE scores.
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Figure 29. Performance across positions based on temporal and spatial AE and CE scores.
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linear increase is evident. Possibly the subjects recalled the 
positions in realtive spatial order. Spatial and temporal CE display 
similar results with both demonstrating better recall of the last 
position in contrast to the one or two preceding locations. Once 
again, spatial error is less up through trial 5, after which temporal 
error is less.
Temporal AE error for the first four trials of transfer displays 
a slight linear increase across positions, while for CE the first 
position was overshot with subsequent positions undershot (See Figure 
30). Positions 7 and 8 were recalled more efficiently than 4, 5, and 
6. Spatial AE error on the other hand, displayed a linear increase 
across positions. Positions 1 and 2 were overshot with all other 
positions averaging undershooting. Position 8 was recalled more 
effectively than position 7.
When the 5-year olds were dropped and all eight trials of the 
transfer phase were analyzed, a difference in temporal and spatial 
AE and CE scores was indicated (See Figure 31). Temporal AE scores 
indicated minimal differences between positions 1 and 8 while 
CE effects suggested overshooting of position 1, minimal undershooting 
of positions 2 through 7, and slight overshooting of position 8. 
Spatial CE follows the pattern of temporal CE with a slight increase 
in the slope of the line. Spatial CE is virtually a mirror immage of 
temporal CE, position 8 is greatly overshot while a bowing of the un­
dershooting occurs for positions 1 through 7. Probably the subjects 
recalled position 8 first, followed by 1 and then the other positions.
Explanation of the position effects can be accomplished by
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Figure 30. Performance across positions for the first four trials of transfer based on spatial and temporato 
scores.
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Figure 31. Performance across positions for all eight transfer trials based on spatial and temporal error
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interpreting the significant age x  position, group x position, 
and age x group x position interactions. During training, temporal CE 
and spatial AE and CE had significant age x position effects, F(21,756) 
=1.74, 7.35, and 30.58. Transfer effects apparent during the first 
four trials indicated significant spatial AE and CE effects, F(21,756)= 
6.42 , 35.88, while transfer for the 7-, 11-, and 19-year old subjects 
across all 8 trials rendered significant temporal AE, and spatial AE 
and CE effects, F(14,567)=3.57, 3.89, 1.97.
Interpreting the spatial AE scores during training, the 5-year 
olds recall of the closest positions to the start appear to be 
similar after which a linear increase in error is evident. For the 
older subjects a linear increase in error is apparent through position 
7 after which a decrease occurs. Spatial CE scores for the 5-year 
olds demonstrate the typical range effects, overshooting of the short 
movements and undershooting of the long movements. The temporal CE 
scores vary for the 5-year olds in that it appears they remember the 
last and first recalled items more efficiently than those recalled in 
the middle. Spatial and temporal CE scores follow similar patterns 
for the 7-, 11-, and 19-year olds (See Figures 32 and 33).
The transfer effects for the first four trials and all eight 
trials indicate a difference in recall from the training phase.
The major difference in performance for the first four trials of 
transfer is evident in the performance of the 5-year olds (See Figure 
34). For the 7-, 11-, and 19-year olds, little difference is evident 
for recall of position 1, but as the distance moved becomes greater, 
a difference between ages is evident. CE error displays similarities
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Figure 32. Age groups' performances across positions for the training 
trials.
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Figure 34. Age groups' performances across positions during the first four trials of transfer based on 
spatial error.
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between the 7- and 11-year olds for positions 1 through 6 after 
which the 7-year olds increase in error drastically. A bowing across 
positions is present for the 7- and 11-year olds, while the 19-year 
olds error is more equal across positions. Ihe 5-year olds on the 
other hand move from overshooting of the short positions to under­
shooting of the distant ones.
Dropping the performance of the 5-year olds and investigating 
the performance of the'7-, 11-, and 19-year olds across eight trials 
indicates similarities to the initial four trials of transfer.
Temporal error indicated an indirect relationship between error 
performance and age at positions 1 through 5, and at position 8 
(See Figure 35). When recalling positions 6 and 7, the performance of 
the 7- and 11-year olds was similar, but both ages performed less 
efficiently than the 19-year olds. In contrast, spatial AE scores 
indicated that at position 1, the 7-year olds recalled the positions 
with more error than the 19-year olds, with no difference in perfor­
mance between the 7- and 11-year olds or the 11- and 19-year olds 
(See Figure 36). At positions 2 and 3, the 7-year olds performed 
differently than both the 11- and 19-year olds. A great increase in 
the error of the 11-year olds at position 3 likened their performance 
to the 7-year olds. For the remainder of the positions (5, 6, 7, 8), 
the error score was indirectly related to age, with performance being 
significantly different between ages. Spatial CE scores displayed a 
trend of undershooting through position 7, followed by overshooting 
of position 8. Through position 8, the ages did not vary in perfor­
mance. Recall of position 8 indicated a significant difference
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Figure 35. Age groups' performances across positions during all eight 
trials of transfer based on temporal error.
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Figure 36. Age groups' performances across positions during all eight transfer trials based on spatial scores.
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between the 7-year olds and both the 11- and 19-year olds. Ihe 11- and 
19-year olds did not differ. As a whole, all ages recalled spatial 
position 1 better than position 8. Positions 2 through 7 fell between 
1 and 8. All ages tended to recall the positions they remanbered the 
best first and those forgotten last. The spatial positions near the 
start were undershot slightly with a bowing of undershooting through 
position 7. Position 8 was overshot, especially by the 7-year olds. 
Thus, the age differences appear to be in temporal and spatial 
memory of the positions.
Group x position effects were significant for temporal AE and 
CE during the training phase, F(14,756) =1.74, 3.29, temporal AE and 
CE, and spatial CE for the first four trials of the transfer phase, 
F(14,756)=20.00, 2.34, 2.07. During the eigiht trials of the transfer 
phase, with 5-year olds excluded from the analysis, the group x 
position interaction was significant for temporal AE, and spatial CE 
F (14,567)=3.87, 1.87. For the training phase, through position 5, 
the TO group performed slightly better than the EPO or SO groups.
The EPO and SO groups performances appeared similar. After position 6, 
the TO groups performance deteriorated while the EPO groups performance 
remained similar (See Figure 37). Hie first four trials of the 
transfer phase do not indicate differences in performance from the 
training phase (See Figure 38). Spatial and temporal CE demonstrated 
no overshooting or undershooting of position 1. A steady increase in 
undershooting occurs through position 6, Subsequently, positions 
7 and 8 display a linear decrease in undershooting tendency. Spatial 
CE scores of the EPO group render significant overshooting of
CE
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positions 1, 2, and 3 by the subjects (See Figure 39). The following 
positions were increasingly undershot as the distance moved increased. 
On the other hand, temporal CE demonstrated undershooting of all 
positions for the EPO group. Positions 1 through 7 seemed to be 
recalled equally followed by a decrease at position 8, The SO groups 
spatial CE scores paralleled those of the EPO groups through position 
5. Afterwards, the SO groups performance leveled off with a decrease 
at position 8. Tenporal CE scores for the SO group displayed 
undershooting of positions 1, 7, and 8, with a bowed undershooting of 
positions 2 through 6.
A difference appears evident between the first four trials of 
transfer and the eight trials of transfer with the 5-year olds excluded 
(See Figure 40). The difference for tenporal error appears to occur 
for the first 5 positions recalled. The training group performs 
significantly better than the SO or EPO groups for the first five 
positions over the first four trials of the transfer phase. The recall 
of the last positions remain similar with the improved performance 
evident for the EPO and SO groups. It seems that the 5-year olds in 
the training group could possibly have caused the improved performance 
of the TO group, or that when averaged over 8 trials instead of 4, the 
superiority of the effects vanished.
Age x group x position effects were evident for taiporal and 
spatial CE, F (42,756) =2.15, 1.84 for the training phase, 
tenporal CE for the first four trials of the transfer phase, F(42,756) 
=3.67, and tenporal AE and CE for all eight trials of the transfer 
phase with the 5-year olds dropped, F(28,567)=2.8Q, 1.87. During
Figure 39.
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Strategy groups' performances across positions during the
first four trials of transfer based on spatial CE scores.
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Figure 40. Strategy groups' performances across positions for all eight
trials of transfer based on temporal CE scores
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the training phase, memory of the spatial positions across groups for 
the 5-year olds evidenced the typical range effect (See Figure 41). 
Recall of movements indicated that there was overshooting of the 
short movements, and undershooting of the long movements. This trend 
is not evident for the 7-, 11-, and 19-year olds. The pattern of the 
temporal vs spatial errors for the 11- and 19-year olds indicate that 
a tendency was apparent for the subjects to recall the positions in 
order (See Figure 42). A difference is noted however in the recall 
of the SO group.
When comparing the first four trials of transfer to the training 
phase, temporal CE indicates differences in the pattern of recall 
across ages among groups (See Figure 43). The differences that occur 
in CE are mainly apparent by the performance of the 5- and 7-year olds. 
The 5- and 7-year olds in the TO group tend to undershoot the 
position, with the exception of position 8 for the 7-year olds. The 
EPO group for the 5-year olds completely undershoots whereas the 7-year 
olds do not seem to consistently undershoot or overshoot. The SO group 
of 5-year olds overshoots positions 1, 7, and 8 but the rest are under­
shot. The 7-year olds in the SO group barely overshoot all positions 
but 6. The 11-year olds in all groups do not consistently undershoot 
or overshoot positions.
The age x group x position interaction for the first four trials 
of transfer seems to also differ from the eight trials of transfer 
when comparing tenporal CE scores (See Figure 44). The difference 
appears to exist mainly for the 7- and 11-year olds. The 7-year olds 
clearly tend to undershoot the target for the first four trials, but
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Figure 41. Age groups’ performances utilizing the strategies across
the positions during the training trials based on spatial CE.
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Figure 42. Age groups' performances utilizing the strategies across
the positions during the training trials based on tenporal CE.
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Figure 43. Age groups' performances utilizing the strategies across
positions during the first four trials of transfer (CE).
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by the time eight trials are included in the analysis the change has 
moved to a tendency to overshoot. The difference in initial positions 
is not drastic. The difference for the 11-year olds is indicated with 
a lack of response biasing for the SO and EPO groups for the first four 
trials, but by eight trials their performance likens that of the TO 
group. The training group does not appear to differ in biasing from the 
first four trials until all eight are included. The major difference 
in the 19-year olds is moving frcm not producing a response bias 
during the first four trials, to undershooting of positions 1 through 
7 and overshooting of position 8.
Temporal AE seems to indicate that within ages the groups do not 
influence performance greatly, especially for the 7-year olds. The 
11-year olds in the TO group experienced a detriment at positions 4 
through 7 but the difference at position 8 is between the SO and TO 
as a group frcm the EPO group (See Figure 45).
A significant trials x position effect was evident only in the 
training phase for tenporal CE and spatial AE and CE, F (49,5292) =5.30, 
203.20, 5.68. From a plot of the interaction (See Figures 46 and 47), 
interpretation is made that for spatial and tenporal scores, initial 
and final positions are remembered more effectively. The middle 
positions remain relatively similar. The interaction was also 
significant for tenporal CE during the transfer phase that included 
four trials, F(21,2263)=1.59. The performance of the subjects during 
the transfer phase indicate a change in the response biasing 
(See Figure 48). The initial positions are overshot more during the 
transfer for both trials 1 and 4. The first trial of transfer indicates
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£
O'!
147
Figure 46. Performance across positions for the first and eighth trials
during the training phase based on tenporal CE scores.
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Figure 47. Performance across positions for the first and eighth trials during training (spatial error).
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Figure 46. Performance across positions for the first and fourth trials
during transfer based on temporal CE scores.
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much less undershooting across positions 5 through 8 than does trial 1 
or 8 of transfer.
The remainder of the significant results were only evident during 
the training phase. A significant age x trial x position effect was 
noted for spatial AE and CE scores, F(147,5292)=1.21, 1.74. Across 
trials, the 5-year olds appeared to experience a detriment in per­
formance whereas the 7-, 11-, and 19-year olds imporved. Interestingly, 
the 7- and 11-year olds performance was different on trial 1 but 
overlapping by trial 8 (See Figure 49).
Noted in spatial CE scores was a significant group x trial x 
position effect, F (98,5292)=!.87. Interpretation after visual 
inspection (See Figure 50), indicates a decrease in error between 
trial 1 and 8. By trial 4, the training groups had an advantage for 
recall of the first 2 positions. The groups are fairly equal in recall 
frcm positions 3 through 6, then at position 7 the TO and SO groups 
recall position 8 better than the EPO group. When the subjects reach 
trial 8, the performance of the three groups is similar.
Reviewing the training and transfer phases, during both, a drastic 
decrease in error with age was apparent, as well as an improvement 
across trials. There does not appear to be a major difference in 
response biasing between the ages for the training phase and the 
transfer phase with eight trials included in the analysis and the 
performance of the 5-year olds dropped. A difference is noted however 
during the first four trials of transfer with major differences in 
the performance of the 5-year olds undershooting the target.
The practice across trials appears to aid the performance of the
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i 49. Age x trial x position interaction during training (spatial).
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7-year olds more than any other age grot?). From interpretation of 
CE scores, the possibility exist that the 5-year olds experienced a 
fatigue effect after trial 4. During transfer, the 7-year olds 
also decreased in undershooting of the target by trial 4. Their per­
formance decreased the most.
Across ages, the training of organization facilitated performance 
of the 5-year olds through trial 5, after which no differences among 
groups was apparent. Ihe 7-year olds in the training group experienced 
more undershooting at all positions when compared to the EPO and SO 
groups. The SO group tended to vary drastically from one position to 
the next. The 11-year olds least biased performance was by the EPO 
group. The 19-year olds performances appeared equal across groups.
An interactive factor between ages and groups is the memory of the 
8 positions. The performance of the 5-year olds appears equal across 
groups until spatial position 7. Spatial positions 7 and 8 are recalled 
with less error by the training group than the unorganized or organized 
groups. For the 7-year olds, the difference also resides with 
positions 7 and 8. The unorganized group tends to slightly overshoot 
position 7 while the ID and EPO group undershoot the position. Position 
8 is remembered best by the 7-year olds in the TO group. The organized 
group undershot while the SO group overshot. Differences in response 
biasing are noted between training and transfer. During transfer, the 
TO group of 5-year olds undershot the target far more than during 
training. The EPO group tends to be more variable in response biasing 
among positions during the transfer phase. Movement reproduction 
for the SO group indicates more overshooting of the latter recalled
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positions than during training. Differences for the 7-year olds appear 
in the TO group. For the last 3 trials a decrease in undershooting is 
evident with the eighth position being overshot. The major difference 
for the 11-year olds exists in the changes of the TO and SO groups 
during the transfer. The TO and SO groups recalled with more under­
shooting of the positions. During the transfer phase, the 19-year olds 
in the SO and TO groups responded with less biasing during the middle 
positions than they did during training. The performance of the EPO 
group deteriorated slightly during the middle positions. 
Training-Transfer Decrement
The major differences within each phase have been determined and 
slight contrast has been indicated between the two phases. The major 
focus of the analyses in this section is to detect differences in 
performance from the training to transfer phase. An analysis will be 
conducted to test the last trial of the training phase to the first 
trial of the transfer phase. To determine if differences are persist­
ent across trials, the fourth and eighth trials from each phase will be 
analysed. Since the major focus is on trial differences, only trial 
effects will be interpreted.
Although no overall difference in the last trial of learning and 
the first trial of transfer was indicated, a group x trial effect was 
significant for spatial CE, F(2,108)=3.16. Recall that the last trans­
fer trial did not differ in regards to undershooting while a difference 
among groups was evident for the first trial of transfer. The 
training group performed significantly differently than either the EPO 
or SO groups. The EPO and SO groups performance did not differ
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significantly (See Figure 51). Group x trial effects were nonexistent 
in the comparison of the fourth trials from each phase as well as the 
eighth trials.
Age x trial effects are not apparent in the last trial of
training and the first trial of transfer but are significant for AE
scores when the fourth trials are compared, F(21,756)=4.20.
Apparent from Figure 52, is that the greatest decrement in performance 
between trials occurs for the 5-year olds. The 7-, 11-, and 19-year 
olds appear to have maintained performance. In a comparison of the 
eighth trials, the difference failed the significance test.
Additional position effects are noted between trials for the last 
trial of training and the first trial of transfer. The position x 
trial interaction for temporal and spatial CE, F(7,756)=1.98, 6.37 
indicates that the difference between trials exist after position 4. 
During the last trial of training, the subjects tended to undershoot 
the positions more than during the first trial of transfer (See Figure 
53). The effect looses significance for comparison of the fourth 
trials, but in comparison of the last trials of each phase regained 
significance for spatial and temporal AE and CE, F (7,756)=2.11, 1.98,
1.99, 2.67. By trial 8, less undershooting is noted for positions
1 and 2 in both tenporal and spatial CE (See Figures 54 and 55). The 
last tenporal and spatial position recalled is drastically undershot 
during training but overshot during transfer. Spatial and 
tenporal AE demonstrate that recall of positions has less error 
during transfer except for positions 1, 2, and 8 where minimal 
differences exist.
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Figure 51. Strategy groups' performances for the last trial of
training and the first trial of transfer for spatial CE
scores.
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Figure 52. Age groups' performances for the fourth trials of
training and transfer phases based on AE scores.
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AE
0 =  training 
■ =  transfer
I 2 3 4 5 6 7 8
P O S I T I O N S
o
161
A significant position x group x trial interaction was apparent 
for spatial AE scores, F(14,756)=1.83. Of importance, the EPO group 
displayed less error across positions for the last trial of training 
when compared to the first trial of transfer. The TO groups performance 
for the first four positions was less during the transfer trial than 
the training, after which the training trial displayed a better 
recall of the latter positions. The SO groups performance was 
superior during the training trial rather than during the transfer 
trial up through position 6, after which the positions were recalled 
equally (See Figure 56). The effect was not apparent during 
comparison of the fourth or eighth trials.
The age x group x trial interaction was evident in the fourth 
trials for CE scores, F(6,108)=2.11. The performance of the TO group 
deteriorated in undershooting for the 5-year olds from training to 
transfer. The 5-year olds in the SO and EPO groups undershot less.
The 7-year olds displayed a decrease in undershooting from training 
to transfer for all groups but a greater decrease for the TO group.
The 11-year olds in the EPO group undershot the target more during 
transfer than training while the other groups improved slightly. The 
performance of the 19-year olds in the TO group moved from undershoot­
ing during training to overshooting during transfer. The performance 
of the EPO group subjects increased in under shoo ting while the SO 
groups performance remained similar (See Figure 57).
The age x position x trial interaction existed for the fourth 
trials for spatial CE scores, F (21,756)=2.11. Visual interpretation 
of the interaction (See Figure 58) does not elicit differences in
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Figure 57. Age groups1 performances for the various strategies for
the fourth trials of training and transfer.
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Figure 58. Age by group by trials interaction for transfer (CE).
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responding for the 5-, and 19-year olds between trials and across 
positions. For the 7-year olds the performance between positions 
across trials is similar through position 4. The performance during 
transfer gradually moves to overshooting by trial 8 whereas during 
training a further increase in undershooting occurs until position 8. 
The similar trend is noted for the 11-year olds but with a decrease 
in the error. Position 8 was recalled similarly.
Sunmarizing differences between transfer and training, a decrement 
was noted between trials in the performance elicited by the training 
group. The only age group that individually noted a decrement in 
performance was the 5-year olds. All other ages noted a decrease in 
undershooting if they were in the TO group.
The majority of effects present were in response biasing. The 
initial and final positions tended to be overshot while middle 
positions were undershot.
Recall Order
The order of recall was hypothesized to have an influence on 
recall of the 8 positions. Obvious from Figure 59, there is an 
increase in forward and backward recall across ages during the 
training and transfer phases. For the 5- and 7-year olds, the 
highest ordered recall was for those children in the training group.
For the 11-year olds, those children in the EPO group recalled posi­
tions in order more than the TO group which in turn recalled in order 
more than the SO group. However, during transfer, the subjects in the 
EPO and TO groups recalled in order equally. For the 19-year olds, 
an interesting pattern occurs, recall patterns for the TO group
Figure 59. Nunber of trials where the positions are either recalled in forward or reverse 
spatial order.
0 =  training trials 
f [ = transfer trials
EPO TO SO EPO TO SO EPO TO SO EPO TO SO
S-YE A R OLDS 7-YEAR OLDS II YEAR OLDS 19 YEAR OLDS
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during transfer are similar to the EPO grot?) during training.
Hie SO group recalls in order more during the transfer phase than 
during the training phase.
Since the 5- and 7-year olds did not display a tendency to recall 
the positions in a spatial order, a check of the EPO and TO groups 
determined if the subjects attempted to recall the positions in the 
presentation order. The frequency across the serial position for 
all ages and groups was extremely small. Thus the subjects did not 
attempt to recall the positions in the order presented.
Subjective Organization
Since the younger children and sane of the older children and 
adults did not recall the positions in their spatial order or 
presentation order, did they organize the positions in some other 
manner? Measurement of individual subjective organization in free 
recall has been developed by Sternberg and Tulving (1977). A measure 
of pair frequency (PF), the score corrects for probability of recalling 
two positions in order randomly. An age x group x trial ANOVA was 
calculated for training and transfer phases with PF scores as the 
dependent measures.
Age effects were apparent during the training and transfer phases 
F(3,108)=29.76, 16.67, 26.51 (See Figure 60). During training, 
all ages were significantly different in performance except the 11- 
and 19-year olds. For transfer, during the first four trials only 
the 5-year olds recalled with a lower measure of subjective organiza­
tion. When considering all eight trials without the performance of 
the 5-year olds included, all ages were significantly different.
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Figure 60. Age groups' performances during training and transfer based 
on a measure of subjective organization.
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Thus, the suggestion is that during early learning, the differences 
among the 7-, 11-, and 19-year olds was not significant, but with 
increased trials, the older subject increased organization at a faster 
rate than the younger subjects.
Expected group effects were evident for both training and transfer 
trials, F(2,108)^60,73, 18.83, 17.72. For the training phase and the 
first four trials of transfer, the TO groups demonstrated increased 
organization over the EPO and SO groups. The EPO group also organized 
more than the SO group. Considering all eight trials in transfer, the 
EPO and TO groups recalled with similar measures of subjective 
organization whereas the SO group recalled in a more random fashion 
(See Figure 61).
The age x group interaction was significant for the training and 
transfer phases, F (6,108)=12.21, 3.21, 2.87. Interestingly, during 
training, the 5- and 7-year olds or the 11- and 19-year olds did not 
differ when presented organized information, however members of both 
groups did differ with respect to the training of art organizational 
strategy. All ages recalled in an organized fashion. However, the 
organization of recall for the unorganized input indicates no differ­
ences in performance for the 5-, 7-, and 11-year olds, but each 
responded with less subjective organization than the 19-year olds.
(See Figure 62).
■When all subjects were given unorganized input, the measure of 
subjective organization changed. The performance of the 11- and 19- 
year olds did not vary. Notice the effects of the 7-year olds 
(See Figure 63). When the input is no longer organized, a detriment
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Figure 61. Strategy groups' performances for the training and transfer
trials based on a measure of subjective organization.
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Figure 62. Age groups’ performances in the various strategy groups
based on a measure of subjective organization.
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Figure 63. Age groups' performances in the various strategy groups during transfer.
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to recall order is apparent. The training groups for all ages continue 
to organize the input, but at a lower level during transfer. The 
performance of the SO group remains relatively unchanged across ages.
Across trials, an increase in subjective organization is evident 
for the training phase, F(6,108)=12.21. The difference exists 
between trials 1 and 4 through 7 with all other combinations not reach­
ing significance (See Figure 64). Therefore, a steady increase in 
organization was evident through trial 4 after which further restruct­
uring of the information was not indicated.
The group x trial interaction was significant for the training 
phase, F(12,648)=6.22. During trials 1 and 2, the EPO and TO groups 
recalled with similar measures of organization. Between trials 3 and 
4, the subjects in the TO group continued restructuring the input while 
those in the EPO group recalled in a similar fashion. After trial 2, 
the subjective organization of the TO and EPO groups is significantly 
different. Across all trials, those subjects in the unorganized 
group recalled with significantly less organization than the others.
During the training phase, the age x group x trial third order 
interaction approached significance, F(36,648)=1.36. A visual 
inspection of the plot (See Figure 66) indicates the developmental 
nature of organization. For the 5-year olds, the child does not rely 
on the input cues and consequently recalls the information in an 
unorganized fashion. By 7-years of age, the child begins to utilize 
input cues and by 11-years no difference is apparent between training 
of organization and merely presenting organized input. At 11-years of 
age, the subject does some restructuring of the unorganized information.
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Figure 64. Performance across the trials during the training phase
based on a measure of subjective organization.
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Figure 65. Strategy groups' performances across trials during the
training phase based on a measure of subjective organiza­
tion.
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Figure 66. Age by group by trial Interaction during training.
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By 19-years of age, the subjective organization measures do not appear 
to vary among the groups.
Important Findings
Attempting to summarize the results presented, the influence of 
organization was investigated In this experiment. The three groups 
utilized, investigated separate aspects of organization. Organized 
input (EPO) was used to determine developmental trends in ability to 
utilize experimenter detected organization. Receiving unorganized 
input, the unorganized group (SO) was utilized to detect the ages at 
which children begin to organize the material. A training group (TO) 
was included to determine if young children could be taught an organ­
izational strategy, and if so would it transfer to a similar task.
The results of this study were far from conclusive. Expected 
age differences were apparent for the training and transfer phases of 
the experiment. Given overall error, age differences were indicated, 
but a difference in response biasing was only evident in the respond­
ing of the 5-year olds during training. They undershot the target 
significantly more than the older subjects.
Across trials, a decrease in error was apparent for training 
and transfer. The performance of the 7-year olds appeared to 
demonstrate the greatest decrease in error over trials for both 
training and transfer phases.
Of importance to the predictions of this study, for response 
biasing the performance of the 5-year olds in the TO group under­
shot the positions far less across trials than did the EPO or SO 
groups. The most undershooting of the target across trials was by
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the EPO group. With respect to the 7-year olds, the organized input 
group performed with slightly less response biasing than the TO group. 
By trial 7, no difference was apparent, while for trial 8, they clearly 
performed with no response biasing. The SO group was similar to the 
EPO group during trials 1, 3, 4, and 6, but overshot the other 
positions. The 11-year olds in the EPO group performed differently 
from the SO and TO groups, however, the TO and SO groups did not vary 
in performance. The 19-year olds in all groups performed similarly. 
Differences across trials for the transfer phase were not evident.
Interpreting the response across positions, 5-year olds in the 
TO group appeared to recall the positions spatially located near the 
start first. These small movements were overshot. The children in the 
EPO and SO groups on the other hand did not appear to follow the 
same trend, for the initial spatial positions were overshot with sub­
sequent undershooting. Temporal recall indicated a bowed effect in 
undershooting. Transfer for the 5-year olds demonstrated a difference 
in response biasing. As expected, after position 5, the children in 
the training group undershot each successive position recalled with 
increased error. The performance of the EPO and SO groups demonstrated 
increased error at initial positions during transfer with less under­
shooting of the middle positions. The 7-year olds in the TO group 
experienced more response biasing after position 1 than the other 
groups. This effect continued for the transfer phase. The 11-year 
olds in the EPO group clearly responded with less biasing than the 
other groups. This demonstrated the influence of organized input over 
unorganized input. When the organizational cues were removed, the
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subjects in the various groups did not vary with response biasing of 
the positions. The 19-year olds in either phase failed to respond 
differently even though in different groups. The results inplied that 
the subjects were able to restructure the information to pattern 
recall effectively.
An interesting occurance appeared in temporal AE when comparing 
the 8 transfer trials without the 5-year olds. With unorganized input, 
a difference in groups was evident for the 7-year olds. The 11-year 
olds recalled equally through position 3 after which the TO group 
experienced a detriment in performance. At trial 8, the unorganized 
and organized groups performance was equal but inferior to the 
organized group.
Ihe subjective organization measures indicated that the various 
ages did recall in an organized fashion when given instructions for 
organization. But, contrary to predictions, an imporvement in perfor­
mance was not evident. For organized input, the 5-year olds failed 
to utilize the cues at recall but the 7-year olds did with less 
response biasing during recall. Although the 7-year olds used the 
input cues when given, when they were later given unorganized informa­
tion they failed to restructure the information. The 11-year olds 
on the other hand utilized the input cues during the initial phase 
and then transfered the strategy to the second phase. Of significance, 
they organized the information during the transfer phase whereas the
11-year olds in the SO group did not.
Discussion
Organization has proven to be an effective strategy in the verbal
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learning literature. A developmental trend is apparent with ability 
to organize or utilize organizational cues. Children move from organ­
ization based on order of presentation and salient perceptual cues to 
a deliberate reordering of items accoring to semantic relationships.
For experimenter manipulated lists or organized or unorganized 
information, the findings are fairly clear. Kobasigaw (1974) det­
ermined that 8- and 11-year olds spontaneously used the experimenter 
provided cues whereas the 6-year olds did not. In this study, the 5- 
year olds in the organized input group clearly did not utilize the 
organizational cues presented by the experimenter. Out of a possible 
80 trials (collapsed across subjects) for the training phase, only 7 
trials were recalled in a forward or reverse spatial order. The 
ordered recall was spread among three subjects. The 7-year olds, 
although they increased in ordered recall, still recalled only 25 
trials in order. Ordered recall of the 11- and 19-year olds was 
extremeraly high (69,78) .
For unorganized input, interestingly, the 5-year olds recalled 
more spatially ordered trials (16) than those given organized input 
(7). However, two subjects recalled in spatial order for all trials, 
whereas the other 8 subjects failed to recall a single trial in order. 
The 11- and 19-year olds on the other hand, restructured the information 
and recalled in spatial order (51, 47). Therefore, the conclusions 
of Paris (1978) were supported. The 7-year olds utilized a rote 
order while the older subjects progressively transformed the units.
Training to recall movements in an organized input was fairly 
successful. The trained 5-year olds recalled 72 trials in an organiz­
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ed fashion, while the 7-year olds recalled 56, 11-year olds 63, and 
the 19-year olds 67. A benefit of the training or organization of the 
information for the recall error of the 5- and 7-year olds was not 
evident. This appears to be in agreement with the results of 
Schribner and Cole (1972) in that the children were allowed free recall 
and even though they did recall in the organized fashion, a benefit to 
performance was not indicated.
Transfer of an organizational strategy does not appear until about 
8 to 10-years of age (Bjorklund et al., 1977). The results here 
indicated that during the trasnfer phase, the 5-year olds did not recall 
the items in order. The 7-year olds continued to recall in order with 
a detriment to performance. No drastic differences in recall order 
were evident during the transfer phase for the 11- and 19-year olds. 
Hypotheses
Predictions stated in Chapter I will be reviewed in this section 
with conclusions for support or rejection being declared. The 
review will follow the order in Chapter I.
Age Effects
An indirect relationship between error and age was predicted.
Age effects were apparent for spatial and temporal AE scores during 
the training phase, and for temporal and spatial AE and spatial CE 
during the transfer phase. A linear trend was evident with increased 
error for the younger child. Thus the null hypothesis that no age 
differences would exist was rejected and the research hypothesis 
supported.
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Organized Input
The performance of the 5-year olds in the organized and unorganized 
input mode was not predicted to differ during the training phase but 
both were expected to be less efficient for recall than the training 
of organization. The only effect* significant was- temporal CE's 
age x group x trial interaction, and temporal and spatial CE's 
age x group x position interaction. Across trials, the 5-year olds 
in the training group experienced less response biasing than the other 
groups. Across positions a difference in response biasing was not 
evident. Therefore for the performance of the 5-year olds, the 
null hypothesis of no difference among groups failed to be rejected.
The research hypothesis was not supported.
The 7-year olds were expected to perform with increased ability 
in the organized and training groups. The unorganized input mode was 
expected to cause a detriment to performance. Once again only a diff­
erence in response biasing was evident. The organized and unorganized 
groups were similar across positions with a slight response biasing 
of the middle positions by the unorganized input group, both across 
positions and trials. The children in the unorganized input group 
experienced increased overshooting of the positions both across 
positions and trials. Once again, although the trend is evident, 
without increased support of additional effects, the null hypothesis 
of no difference among groups for the 7-year olds failed to be 
rejected. The research hypothesis was not supported.
Predictions indicated that the performance of the 11-, and 19- 
year olds would be initially superior for those subjects in the
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organized group, but across trials the performance of the unorganized 
and training groups would equalize. Regarding response biasing 
during training, the effects followed predictions. By trial 3, the 
.differences in response biasing were minimal except for the 11-year 
olds during trial 8 where those in the organized group tended to 
overshoot the criterion location. Without additional support of AE 
scores, the null hypothesis failed rejection and the research hypothesis 
lacked support.
Age x Organizational Strategy Interaction
The unorganized input was predicted to be of greater detriment to 
the performance of the 7-year olds than the 11- or 19-year olds.
None of the effects adding support to this hypothesis were significant. 
Therefore, the null hypothesis that an age x organizational strategy 
interaction would not be evident failed rejection. Consequently, 
the research hypothesis was not supported.
Transfer of Strategy
The 5- and 7-year olds were not expected to transfer the organ­
izational strategy to the transfer trials. From a measure of 
subjective organization, a significant age x group effect for the 
transfer trials was compared to the training trials and indicated 
transfer of the training strategy for both ages, and the organizational 
strategy for the 7-year olds. A decrement in performance was not 
apparent. The null hypothesis of no differences between each age x 
strategy group combination failed rejection and the research hypothesis 
lacked support.
The 11- and 19-year olds were expected to organize the information
184
given than regardless of input mode. The organized and training 
groups recalled similarly during the transfer phases, but unexpectedly, 
the 11-year olds failed to markedly organize the unorganized information. 
Once again, decrements to performance were not indicated. Therefore, 
the hypothesis that a transfer of strategy would occur was supported, 
but the 11-year olds did not organize the input as predicted.
Conclusions
Ihe overall predictions of the organization study failed support. 
From the results, a trend appears that the 5-year olds were unable to 
increase performance regardless of organizational strategy or input of 
information. The 7-year olds on the other hand seemed to be able to 
utilize organized input to facilitate recall, but when a new task was 
utilized the strategy failed to transfer. The 11-year olds performance 
conformed to predictions with the exception of the unorganized input 
group. It was anticipated that the 11-year olds would restructure 
the information and recall with more subjective organization. The 19- 
year olds organized the information regardless of input.
CHAFFER VI
RESULTS AND DISCUSSION OF THE REHEARSAL STUDY
The implications of forcing a child to rehearse as an adult were 
investigated in this study. As comparisons, adults were forced to 
rehearse as a child would. Additionally, each age group was allowed to 
rehearse in their preferred strategy. Thus, three groups were utilized 
at each age level. Appendix E includes all statistical tables and 
means and standard deviations.
Order Effects
Since the subjects were required to recall 8 positions for 
three different angles, establishment of the significance of a 
learning or order effect was necessary. In a completely randomized 
design, an ANOVA was utilized to determine order effects. No 
significant effects were present for CE or AE scores, £(2,2877)=
2.20, 1.78.
Angle Effects
Since it has been established that an order effect was not present, 
the second design determined differences among angles. An age x sex 
x angle x positions (angle) factorial ANOVA with repeated measures on 
angles and positions was utilized, The only effect evident was 
the main effect for CE, F(2,192)=5.76 with no follow-up differences 
evident, No other main effects or second or third order interactions 
were significant. Since only one of nine effects was present, the
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positions were collapsed between angles and orders for calculation of 
spatial and temporal AE, CE, VE, and ICE I scores.
Sex Effects
Due to the large number of subjects required, both males and 
females were used. Determination of any differences in responding due 
to being male or female were investigated. An age x group x sex x 
position completely randomized design with a factorial arrangement of 
treatments and repeated measures on the last factor was utilized.
ANOVA's were calculated with spatial and temporal AE, CE, VE, and 
ICE I scores as the dependent measures. Of the sixty-four possible 
main effects and interactions for sex, none were significant. 
Consequently, the design of the rehearsal study reverted to an age x 
group x position completely randomized design with a factorial 
arrangement of treatments and repeated measures on the last factor.
AE, ICEI, CE, and VE Effects
Age effects were significant for spatial and temporal AE, F(3,108) 
=44.43, 43/78, spatial and temporal ICEI, F(3,108)=29.31, 44.43, and 
tenporal and spatial CE-VE effects, Wilks Lanfcda (2,3,108)=.49, .94. 
Follow-up ANOVA's for CE and VE separately indicated significant 
age effects for tenporal and spatial VE, F(3,108)=14..6, 31.30, but 
CE did not indicate a response biasing among ages.
Only when measuring absolute error from target was there a 
significant decrease among ages. Spatial and tenporal AE error 
demonstrated a linear decrease in error with age (See Figure 67).
Each age performed significantly differently from each other age. 
Individual response biasing indicated that for both tenporal and
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spatial ICEI scores, only the 11-, and 19-year olds perform similarly. 
All other ages are significantly different from the other ages. 
Variability of performance, as indicated by VE scores, did not 
distinguish any differences among the ages in recall of a specific 
location. However, with regard to individual pattern of recall, the
5-year olds were more variable than the 11- or 19-year olds (See 
Figure 68).
From these results, it seems evident that the absolute performance 
of the age groups indicated a linear decrease in scores with increased 
age. However, in individual response biasing and variability of 
performance, the 11- and 19-year olds perform similarly. The 7-year 
olds do not respond with increased variability in pattern of recall 
from the 11- or 19-year olds.
Group effects were significant for spatial and tenporal AE, 
F(2,108)=6.49, 6.45, spatial and tenporal ICEI, F(2,108)=4.33, 6.49, 
and CE-VE scores, Wilks Lamb da (2,2,108)=.84, .83. Spatial and tenporal 
AE and ICEI scores indicated in follow-up techniques that the self- 
determined and adult strategy groups were not significantly different 
in performance, but they both performed with significantly less error 
than those in the child strategy groups (See Figure 69). A follow-up 
on the CE-VE combination yielded significant group effects for tenporal 
VE. When recalling the positions in any order, the subjects in the 
child strategy group performed with greater variability than those in 
the adult or self-determined strategy groups (See Figure 70). Thus, 
the subjects in the child strategy group not only performed with 
greater error than those subjects allowed to choose their own strategy
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Figure 68. Performance of the various ages based on temporal and 
spatial VE.
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Figure 70. Performances of the various strategy groups based on
tsnporal VE.
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or those forced to rehearse like adults, but they also performed with 
much greater variability. A difference in response biasing was not 
apparent among groups.
An effect of extreme importance to the predictions of this 
study is the age x group interaction. Spatial and temporal AE, F(6,108) 
=2.27, 2.35, temporal 1CEI, F(6,108)=2.26, indicated significant age x 
group effects. The CE-VE combination of scores did not indicate 
significant results. For AE scores, the 5-year olds in the adult 
strategy group performed significantly better than those in the child 
strategy group, but not from those children in the self-determined 
strategy. The 7-year olds performance in the adult strategy group 
indicated less error than those children in both the child and self- 
determined strategy groups. 'When reviewing the performance differences 
among groups for the 11- and 19-year olds, the 11-year olds in the 
self-determined strategy group performed with increased facility 
over those in the child strategy group. The 19-year olds did not 
differ across the different groups (See Figure 71).
Within ages yet across ■ groups, ICEI indicated that the 5- and 7- 
year olds in the adults strategy group performed better than the child 
in the child or self-determined strategy. Different from AE, with 
respect to ICEI, the 5-year olds in the self-determined strategy group 
performed better than those in the child strategy group. However, for 
the 7-year olds a difference between the self-determined and child 
strategy groups was not detected. Group assignment was not a factor 
in responding by the 11- and 19-year olds (See Figure 72). From these 
results it appears evident that the 5- and 7-year olds do indeed
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rehearse in a rote fashion when instructed to remember 8 positions. 
Additionally, the 11- and 19-year olds rehearse by incorporating a 
grouping strategy.
When investigating across ages and groups, the 5-year olds in 
the adult strategy group did not perform significantly differently 
from the 7-year olds in the child and self-determined strategy 
groups for either AE or ICEI scores. Recall however that they are 
different fran the 5-year olds in the child strategy group. The 7- 
year olds in the adult strategy group did not perform differently 
frcm the 11- or 19-year olds in the child strategy group. But 
once again, they did perform significantly better than their own age 
group assigned to the child or self-determined strategy groups.
The group assignment or age of the child did not effect performance 
of the 11- and 19-year olds.
Position effects were evident for spatial and tenporal AE, F(7, 
756)=44.43, 43.78, spatial and tanporal ICEI, F(7,756)=28.24, 31.10, 
and spatial and tenporal CE-VE, Wilks Lambda (2,7,756)=.49, .94. 
Temporal AE and ICEI and spatial AE and ICEI displayed virtually 
identical curves, however the level of the AE curve indicated 
additional error beyond the ICEI curve. Therefore, the follow-ups 
for both AE and ICEI are identical (See Figure 73). Spatial error 
demonstrated that performance at positions 1, 2, and 3 was similar, 
but each was individually different from positions 5 through 8. In 
addition, position 2 was different from 4, but 1 and 3 were not. 
Positions 4 and 5 were different from each other as well as positions 
6, 7, and 8. Performance at positions 6 and 7 was similar but they
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Figure 73. Performance across the positions based on temporal and spatial AE and ICEI error.
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were both different from position 8. In contrast, tenporal error 
more or less displayed a serial position effect. Positions 1, 2, 
and 3 were similar but they were different from positions 6 and 7. 
Position 1 was additionally different than position 5 and 8. 
Performance at positions 4, 5, 6, 7, and 8 was similar.
Follow-up analysis to the CE-VE combination score indicated sig­
nificant differences for spatial CE and VE, F(7,756)=144.03, 3.22. 
Spatial CE indicated expected range effects with long movements 
being undershot and short movements being overshot (See Figure 74). 
All combinations of positions were significantly different except for 
positions 6 and 7, and 7 and 8. Tenporal CE scores also followed 
predictions, F(7,757)=3.02. Position 1 was significantly different 
from positions 4, 5, 6, 7, and 8, with all other combinations being 
similar.
Indicating causes of the positions effect, the age x position 
interaction was significant for spatial AE, F(7,756)=31.08, spatial 
and tenporal ICEI, F(7,756)=2.61, 2.83,-and spatial and tenporal CE- 
VE, Wilks Lambda (2,21,756)=.84, .83. Interpretation of the position 
x grade effect for spatial AE indicated that the 11- and 19-year 
olds remaribered various positions equally well whereas the 5- and 7- 
year olds1 performance deteriorated with the longer movements 
(See Figure 75). Spatial and tenporal ICEI suggest that the older 
child and adult were able to remenber the longer or latter recalled 
positions far better than the younger children. With respect to the 
initial positions, although a gap is still present between younger 
and older subjects, it is not as expansive as at the latter positions
#  = spatial error 
■  = tenporal error
I 2
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Figure 74. Performance across the positions based on tenporal and spatial CE and VE error.
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Figure 75. Age groups' performances across positions based on
spatial AE scores,
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(See Figure 76).
Spatial CE scores indicated significant position x age effects 
F(21,756)=10.85 Spatial CE indicated that at the end positions (1,8) 
the typical ordering of ages was apparent. For position 1, the 11- and 
19-year olds performed similarly, but all other ages were different.
For positions 6, 7, and 8, the 5- and 7-year olds were alike as well as 
the 11-, and 19-year olds, but the two groups performed significantly 
differently. For position 2, the 5-year olds were different from the
7- and 11-year olds while for position 3, no differences were apparent. 
With respect to position 4, only the 5- and 7-year olds performed 
differently from the 19-year olds (See Figure 77). Differences in 
variability of performance were not detected.
Adding further explanation to the positions effects, the group x 
position interaction was significant for spatial AE, F(14,756)= 1.88, 
spatial and tenporal ICEI, F(14,756)=l.73, 1.89, and taiporal and 
spatial CE-VE effects, Wilks Lambda(2,14,756)=,92, .94. Only 
spatial CE demonstrated significant follow-up effects, F(14,756)=3.17. 
For spatial AE and spatial and tenporal ICEI, the subjects in the adult 
strategy group received an advantage whereas those subjects in the child 
strategy group had a narked interference in performance. The only 
difference was. in spatial position 5 for AE scores. Possible 
explanation at position 5 is rendered by the follow-up test for spatial 
and tenporal ICEI. At position 5 and 6 the child strategy undershot 
the target more than the self-determined strategy group. In addition, 
when at position 6, the child strategy group undershot the position 
more than the adult strategy group. For both positions, the performance
TEMPORAL ICEI
io-
4 5
SPATIA L ICEI
• =  5-year olds 
B= 7-year olds 
0= 11-year olds 
0= 19-year olds
I-
I 2 3 4 s 6 7 8
P O SIT IO N
Figure 76. Age groups1 performances across positions based on tenporal and spatial ICEI. 8
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Figure 77. Age groups1 performances across positions based on
spatial CE.
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= 5-year olds 
= 7-year olds
= 11-year olds 
= 19-year olds
- 8-
I 2  9
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of the self-determined and adult strategy groups was similar. The sane 
pattern was evident regarding positions 7 and 8. The child strategy 
caused a detriment in performance when compared to the self-determined 
and adult strategy groups (See Figures 78 and 79).
Response biasing was evident for spatial location. For the child 
strategy group positions 2 and 3, 3 and 4, and 6 and 7 were not 
different, however all other combinations were. The adult strategy 
group did not respond with greater biasing for position 1 and 3, 2 and 
3, 3 and 4, 4 and 5, and 5, 6, and 7. All other combinations were 
different. The self-determined group only performed differently 
at position 3 from 5 through 8, position 4 from 6 through 8, and 
5 from 6 through 8. All other combinations were not different (See 
Figure 80).
Spatial AE and tenporal ICEI scores indicated a significant age x 
position x group effect, F(42,756)=1.55, 1.55. Interpretation of the 
age x group x position interaction indicated that for the 5- and 7- 
year olds the adult strategy facilitated performance above the child 
strategy or self-determined strategy for all positions for the 5-year 
olds and the middle positions for the 7-year olds. However, with 
respect to the 11- and 19-year olds, a strategy selected by the 
subject facilitated performance (See Figures 81 and 82).
Pattern of Recall
Since it has been hypothesized that rehearsing in an adult manner 
aids organization of the information, the frequency of recalling the 
positions in order is an advantage. From Figure 83, it can be 
inferred that across all ages, those subjects in the child strategy
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Figure 78, Performances of the various strategy groups across 
positions based on spatial AE scores.
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Figure 79. Performances of the various strategy groups across positions based on ICEI.
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Figure 80, Peformances of the various strategy groups across
positions based on spatial CE scores.
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Figure 81, Age by position group interaction for spatial AE.
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:e 82. Age by position by group interaction for temporal ICE!
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Figure 83. Number of trials where the positions were recalled in a
forward or reverse spatial order.
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group do not recall the positions in order as frequently as the self- 
determined and adult strategy groups. Figure 84 indicates that recall 
of each position in its serial order for length increases not only as 
a function of age, but as of group also. The 5-year old in the adult 
strategy group at only one position did not have a higher percentage 
of ordered recall. The 7-year olds in the adult strategy group were 
superior to those children in the child and self-determined strategy 
groups, having only three positions not displaying the highest 
percentage of ordered recall. The 11-year olds patterns of order was 
similar to the 7-year olds, but the advantage of the adult strategy 
group was only last at two positions. The 19-year olds in the adult 
performance group demonstrated the highest number of ordered positions 
with only one position not ranking highest.
During the rehearsal interval, the self-determined strategy 
group was able to practice positions presented previously. The 5-, 
and 7-year olds in this group chose not to practice any positions 
previously given. Instead their hand remained fixed at the the 
current location. On the other hand, the 11- and 19-year olds 
chose to move to previously presented locations. The 11-year olds moved 
on the average to 3.43 positions during a trial whereas the 19-year 
olds moved to an average of 10,23 positions (several positions were 
repeatedly practiced). Additionally, the position chosen for practice 
seemed to vary with age. The 11-year olds tended to either move to 
the position presented prior to the current position, or to a position 
forgotten. In opposition, the 19-year old more fully utilized 
organizational properties and asked to be presented the positions
Figure 84. Average recall of the eight positions in their spatial order
for each age and group combination.
5 YEAR OLDS 7-YEAROLDS ll-YEAROLDS 19-YEAR OLDS
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surrounding the current position.
Important Findings
The major finding of this study was the effect on the young child 
that practiced like an adult. By forcing the 5- and 7-year olds to 
practice as the adult, their performance was equal to a child much older 
that was forced to practice like a child. The performance improvement 
was not only evident by less error in recall but also in the restructur­
ing of the information for grouping and recoding.
Discussion
The majority of results from the analyses presented in this 
chapter provided overwhelming support for the predictions made in 
Chapter I. Consistent with Cole et al. (1971), a direct relationship 
between age and inproved performance was evident for both spatial and 
temporal error. The older the child the less the error and more 
consistency of performance,
A major point of interest concerns the quality of rehearsal. 
Previous research (Craik & Watkins, 1973; Jacoby & Bartz, 1972;
Woodward, et al., 1974) has concluded that in order for rehearsal to be 
an effective process, it must be highly related to organization. 
Consequently, in this study the adult rehearsal strategy was related to 
organizational properties, while the child strategy was merely quantity 
of rehearsal. The self-determined strategy group varied as a function 
of age. Results of this study support the effects of quality of re­
hearsal being of more importance than quantity. Clearly, for the 5- 
and 7-year old child, the adult strategy facilitated performance and 
the child and self-determined strategy groups were similar. For the
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11- and 19-year olds, the adult and self-determined strategy groups were 
similar and the child strategy group caused a decrement in performance. 
Adding support is the fact that those subjects in the self-determined 
and adult strategy groups who practiced previously presented positions 
also tended to recall the positions in order from short to long.
The self-determined strategy groups performances supported the 
results of Omstein et al, (1975), Naus, et al. (1977a), and Omstein 
et al. (1977c), that the young child rehearsed in a rote fashion.
In addition the older children and adults rehearsed by practicing a 
group of positions.
The age x group interaction supported the findings of Naus, et al. 
(1977a) and Omstein et al. (1977c) in that when the younger child 
was forced to rehearse like an adult, the performance was improved 
such that it was not different from a child two age groups older forced 
to rehearse like a child.
Position main effects clearly indicated that those proximally 
located were remembered more efficiently than those distally located or 
those recalled last. This finding is in partial support of the results 
in the verbal learning literature. KLair and Siegel (1977) indicated 
that spatial end points were encoded automatically with only a 
quantitative difference in ages. The position x age effect demonstra­
tes initially the similarity of curves across ages. Restructuring 
of the interaction (See Figure 85), indicates that if comparison is 
made across ages for each group, the basic curve across positions is 
similar, only the level of the curve appears to be of extreme difference. 
Since the curves are similar, encoding of the end locations was similar.
Figure 85. Performance of the various ages across positions
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The effects of performing and utilizing one strategy as opposed to 
another was demonstrated by the group x position effects, Although 
a flattening of the curve is not evident for the more efficient 
strategies, the levels of the curve are different.
Since the age x group x position interaction was marginally 
significant, interpretation of the results are hazaradous. Interpreta­
tion rendered suggested that, the group assignment effected the level of 
the recall whereas the age effected the flattening of the curve. 
Consequently, the group affected quality of performance while the 
age allowed better recall of the middle positions.
Hypotheses
This section investigates the statistical support rendered to 
each hypothesis. Parallel presentation with stated hypotheses in 
Chapter I follows.
Strategy Effects
Prediction was set forth that the adult strategy groups performance 
would be superior to that of the child strategy group with the perform­
ance of the self-determined group falling in the middle. Spatial 
and temporal AE and ICE! rendered significant support. The multi­
variate technique used for temporal and spatial CE and VE demonstrated 
significant age x strategy effects, but only temporal VE was significant 
in the follow-up. Temporal and spatial AE demonstrated no significant 
differences between the adult and self-determined strategy but both 
rendered significant inproved performance when compared to the child 
strategy group, Temporal VE and spatial ICE 1 displayed similar 
results, Tenporal ICE I scores rendered significant differences among
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all groups with the adult strategy groups performance superior, the 
child strategy groups performance with the largest error, and the self­
inposed strategy performance falling in the middle. Therefore, the 
null hypothesis that no signficiant differences would exist between the 
various strategy groups was rejected.
Age x Strategy Differences
The remaining hypotheses deal with the follow-up analyses to the 
age x strategy interaction. Spatial and temporal AE error, and 
tenporal ICE1 demonstrated significant effects. Spatial and temporal 
CE and VE were significant cnly when considered as multiple dependent 
measures.
Inherent Strategy of 5- and 7-year Olds
Prediction was made that the adult rehearsal strategy would 
facilitate performance of the 5- and 7-year olds when compared to the 
child or self-determined strategy. Since tenporal and spatial AE scores 
and tenporal JCEI scores were similar, one interpretation will be 
given. The adult strategy groups performance was definitely superior 
to those children in the self-determined or child strategy groups 
performance. The performance of the children in the child and self- 
determined strategy groups was not significantly different. Therefore, 
the null hypothesis that no differences would exist between groups at 
ages 5- and 7-yeard was rejected. Indeed a difference did exist 
between the adult and self-determined or child strategy groups with 
no difference between the latter two.
Inherent Strategies of 11- and 19-year Olds
The strategy of the 11- and 19-year olds should .be similar to an
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adult like strategy. Therefore, the performance of the 11- and 19-year 
olds in the self-determined strategy was predicted to be similar to 
the performance of those in the adult strategy groqp. Both the adult 
and self-determined strategy groups should perform with less error than 
those in the child strategy group. Spatial and temporal AE scores 
indicated significant differences between the self-determined and child 
strategy groups with no other differences existing. With ICE I as the 
dependent variable, no differences were detected. For the 19-year olds, 
no difference existed among the three strategies. Therefore, the null 
hypothesis that no differences would exist between the adult and self- 
determined strategy failed to be rejected. However, it must be kept 
in mind, that they also did not differ from the child strategy group for 
the 19-year olds.
Across Age Strategy Effects
Probably the prediction of most importance in this study was that 
no differences in performance wouold exist for the adult strategy group 
of one age to that of the child strategy group of the next age. For 
example, the 5-year olds in the adult strategy group would not differ 
from the 7-year olds in the child strategy group. Tenporal and spatial 
AE and tenporal ICE I rendered overwhelming support for the hypothesis.
In fact, those children using the adult strategy were not different 
from those using the child strategy two age groups in advance. The 
exception was for the 11- and 19-year olds. The performances in the 
adult and self-determined strategy groups were not different. Thus, 
the null hypothesis that the adult strategy would not raise the per­
formance of a younger child to the performance of an older child in
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the child strategy group was rejected.
Conclusions
Results from this study alone indicated the importance of active 
rheearsal and not merely repetition of the separate items. The 
performance of the younger child was imporved such that their 
performance was not different from a subject between 11- to 19-years 
old forced to use the inherent strategy of the younger child.
CHAPTER VII 
GENERAL DISCUSSION
An easily observable occurance is the superior performance of 
adults over children, even at novel tasks. A well researched area, the 
difference has been partially attributed to the older child and adult 
being able to process the same information in a shorter time frame or 
increased amounts of information in the same period of time (Chi, 1976; 
Drucker & Hagen, 1969; Eimas, 1969; Hagen, 1972). What causes the 
older child and adult to process this information with increased 
facilness was the focus of this series of experiments. The initial 
availability of the information to children and adults in addition to 
the control processes utilized during the interval was investigated.
The first experiment indicated equal availability of the infor­
mation to children and adults prior to processing. Investigating 
kinesthetic store, an attempt was made to block processing of the 
information by requiring the subject to shadow a verbal message 
presented over earphones. Conclusions indicated no differences between 
children and adults in initial availability of the information except 
at the immediate recall interval for absolute error.
To investigate sensory store, Crowder (1976) stated that two 
controls were necessary. A variation in time delay is 
required in addition to a comparison of the partial report of 
precategorical store versus postcategorical store. This
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comparison would allow statement that precategorical store was indeed 
tested.
Measurement of memory for one position was completed in the second 
study. Globally, the differences in recall between pre and postcategor- 
ical store are expansive (See Figure 86). However, recall that age x 
interval differences were indicated in AE scores with the only follow- 
up differences at immediate recall. The adults immediate recall from 
precategorical store was 5.27 cm whereas their recall without blocking 
of processing of the information was 2.71 on. An even smaller difference 
existed for the 11-year olds. Notice what happens to immediate recall 
of the 5- and 7-year olds (See Figure 87). A much greater gap between 
pre- and postprocessing is indicated. Therefore, it is hypothesized 
that the difference at immediate recall is attributed to at least 
partial processing by the 11- and 19-year olds. Conclusions thus 
indicate no developmental trends with regard to initial availability of 
the information.
Memory capacity differences were investigated in order to compare 
changes when providing younger children with cues at presentation 
(ordered information) or giving instructions to organize or rehearse 
the information. When recalling one position, no age differences were 
apparent, the younger child and adult recalled the position with equal 
facility. Requiring memory of 3 positions separated both the 5- 
and 7-year olds. When memory differences were evident, the disparity 
was evident at the spatially distal positions.
The major parts of this series of experiments were the manipulation 
•of the organizational cues and the rehearsal strategies. By manip-
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Figure 86, Recall of a position prior to processing cctcpared tp 
recall of a position with processing allowed.
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Figure 87. Comparison of inwediate recall after blockage of processing 
and immediate recall after processing.
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ulation of these processes, it was anticipated that the performance of 
the younger child would be inproved.
Prom the literature reviewed, organization involves grouping and 
recoding of information. Recoding (requiring restructuring of the 
information) is a more complex strategy than grouping. Additionally 
recoding is not developed at as early an age as grouping (See Figure 
88). The 5-year old made little use of either information that is 
organized or fails to restructure unorganized information. This was 
substantiated in this experiment by a lack of recall differences among 
the ages, and by the small subjective organization measure of the 
younger child.
Wien organization is inherent in the information presented, the
7-year old begins to attempt to recall the information in an organized 
fashion but still does not restructure the unorganized information.
Once again, this was evident in the organization study from the measure 
of subjective organization. The 7-year olds recalls in a more 
organized fashion during organized input than the 5-year olds.
Between the ages of 5- to 10-years, the child shows slight 
inclination to recode unorganized information, whereas between 10-years 
and adolescence a drastic increase in recoding appears. The 11-year 
olds in the organization experiment did not greatly utilize the strategy 
of restructuring the information. On the other hand the 19-year olds 
did demonstrate the predicted results by restructuring the input.
Included at each age group was a training group where the subjects 
were given instructions to recall the information in an organized 
fashion. Subjects did indeed follow instructions as evidenced by a
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Figure 88. Predicted age attainment of groupingj recoding and 
rehearsal.
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high measure of subjective organization. However, within each age an 
improvement in performance was not indicated. A plausable explanation 
was that the the younger child whether given organized or unorganized 
input or even given instructions to recall in order did not demonstrate 
improved performance. The adults on the other hand were able to 
restructure the information regardless of input. Consequently, the 
differences in performance should have rested with the 7- and 11-year 
olds. If the difference did exist at these ages, the significance 
Could have been erradicated by the drastic performances of the 5- and 
19-year olds. This effect was partially indicated (See Figure 89) 
by the age x group x position interaction for AE scores. Minimal 
differences existed at initial positions but with increased distance 
from the target the groups divided. Suprisingly the unorganized and 
organized groups varied little for the 7-year olds but for the 11-year 
olds the unorganized and training groups performed similarly.
The final aspect included during the organization study was the 
ability of the child to generalize the strategy for recall. Previous 
research indicated that not until after 8 years of age was the child 
able to transfer strategies. In this study the 7-year old decreased 
in subjective organization if in the organized input group but 
remained relatively consistent for the training and unorganized groups. 
Thus the utilization of the cues did not imply a strategy to the young 
child and a failure to utilize the organization on a subsequent task 
was indicated. The 11- and 19-year olds did not vary between the 
training and transfer phases in their measure of subjective organization.
When questioning the subjects after performance, it was important
Figure 89. Age by group by position interaction for spatial AE.
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to determine if the younger subjects realized the ordering of the 
information as did the older subjects. The majority of subjects 
regardless of age realized the ordering of the positions but the younger 
subjects failed to utilize this information. This fact is in agreement 
with the findings of Esyenck and Baron (1974), Melkman and Deutsch (1977), 
and Williams and Goulet (1975). The younger child was able to categor­
ize the information but did not utilize this information during recall. 
Although no differences in organization were evident from the 
analyses, the recall for the 8 positions was compared to that when the 
subjects were asked to recall 1, 3, or 5 positions (See Figure 90).
Notice the improvement in performance across the middle trials when 
comparing the 5 positions from the memory study and the organized input 
group from the organization study. Thus although a significant 
difference in performance is not evident, it is felt that possibly 
the design of this study was unable to capture the improved performance.
Organization of information is an important aspect of rehearsal. 
Information rehearsed in a rote fashion (passive rehearsal) is recalled 
with less efficiency than when rehearsing by grouping items. The 
effects of active and passive rehearsal were measured in the fourth 
experiment. Clearly supported was the facilitated performance of those 
younger subjects forced to rehearse like adults and the deteriorated 
performance of the older subjects forced to rehearse as the young 
child vrould. From the self-determined strategy, validation of the 
child strategy indeed being utilized by the child and the adult strategy 
indicated in the performance of the older child and adult was supported. 
The only difference in the adult and self-determined strategy existed
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Figure 90. Memory for one, three, or five positions compared to memory 
after presentation of organized Input or rehearsal.
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for the adults. The 11-year olds randomly selected one or two items to 
rehearse with the new item (in agreement with Naus et al., 1977b), 
but the adults recoded the Information and rehearsed related items.
This is in agreement with the results of Omstein et al. (1975) in 
that when the subjects were required to rehearse in a related blocked 
condition they recalled more than subjects in the related randan group.
Interestingly, these results relate to those in the organization 
study. Ihe 11-year olds did not recode the information in the 
organization study nor during the rehearsal study did they attempt to 
rehearse related items. . On the other hand, the 19-year olds recoded 
during unorganized input and when rehearsing items. Consequently, the 
developmental trend of organization and rehearsal follow the 
patterns indicated in the verbal literature.
In conclusion, the adult-child differences can not be attributed 
to preprocessing factors. Important control processes, organization 
and rehearsal, appear to be active during the processing interval to 
facilitate recall of the older subject. Not until approximately 7 
years of age does the young child make use of organizational cues or 
organized input, but if these cues are not present during subsequent 
tasks, the child fails to transfer the strategy. Ihe 11-year olds on 
the other hand utilize the organizational cues fully and when given a 
similar task, transfers the strategy. The 19-year olds recode the 
information regardless of the apparent organizational cues.
The organizational pattern is important to rehearsal. The 
younger child rehearses in a rote fashion whereas the older child 
randomly selects a rehearsal group. A qualitative change between the
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11- and 19-year olds was the organization of the material in the rehears­
al group. The adult selects the items for the rehearsal group based on 
meaningfulness whereas the more complex strategy of organization does 
not appear to increase in utilization.
Research Directions
From the findings in this series of studies several areas need to 
be investigated further. The following factors need to be manipulated 
to further explicate the developmental trends regarding adult-child 
processing differences.
1. Since it was felt that the processing of the information was 
not blocked for the older child and adult at immediate recall for the 
kinesthetic sensory store study, the experiment needs replication
on different tasks and with more complete blockage of processing.
2. The verbal learning literature seems to indicate that cued 
recall aids the performance of the young child when given organized 
information. Thus the organization study,needs to be replicated with 
the inclusion of a cued recall group (both organized and unorganized).
3. The verbal learning literature also indicates automatic 
encoding of spatial endpoints. The spatial endpoints were not encoded 
more effectively than the other positions in this study. Consequently, 
the difference could have been due to a lack of vision in this study. 
Therefore, recall of a movement series should be investigated with 
vision and without to determine automatic encoding of the spatial 
endpoints.
4. The final recommendation deals with the ability of the 
young child to learn active rehearsal. Additionally if the young
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child can leam the strategy of rehearsal will the strategy transfer to 
a similar task.
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APPENDICES
APPENDIX A 
INSTRUCTIONS FOR THE FOUR STUDIES
inn Department of Health, Plnjsical &  Recreation Education
L o u i s i a n a  S t a t e  U n i v e r s i t y  and agricultural and mechanical college
BATON ROUGE • LOUISIANA ■ 70803
September, 1980
Dear Parents:
Hie ability to understand cognitive processes that occur developmentally 
is important to the improvement of the educational practices in the 
schools. Without understanding the underlying principles that a child 
utilizes in performing a given task, methodological research is merely 
trial and error. With this idea in mind, we wish to conduct a research 
project to attempt to determine an interaction between the ages of the 
child and the depth to 'which they process the information in task 
improvement.
Your child has been selected to participate in this research project.
The task will consist of moving a slide on a trackway in attempts to 
remember prior presented locations. The amount of time needed for 
participation is between 10 and 20 minutes.
I have had practical, experience in the elementary schools and am 
currently working on a PhD in motor development. This research is 
conducted under the direction of Dr. J. R. Thomas. If you have any 
questions concerning this study, please call me at 388-8513.
Please fill out the form below and return it to school with your child. 
Thank you and your child for your cooperation in this research.
Sincerely,
Jere Gallagher
I give  my permission to participate in a research project
(name)
conducted by Jere Gallagher. I understand that my child's name will not 
be used at any time.
I do not give my permission to participate in the research
pro j ect. (child's name)
(Parent's Signature)
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KINESTHETIC SENSORY STORE 
INSTRUCTIONS
Today I am going to ask you to try to do two things 
at one time. First, I want you to learn to say aloud what 
is being said on the tape recorder. Lets practice.
At the same time you are saying what is on the tape 
recorder, you and I together will move this slide at a 
certain rate. Lets learn how fast we will move the handle.
For the testing, while you are repeating what is on 
the tape recorder, you will be moving to certain spots 
along the trackway. After a certain amount of time, I 
will turn the recorder off and ask you to remember a posi-’ 
tion presented a specific number of positions ago. Lets 
practice with these pictures. Name the pictures (flower, 
car, house, girl, tree, apple). What was the second to 
the last position presented? the fifth to the last? ect.
Now lets practice moving to different spots on the 
trackway. (Move to 6 different positions and ask to recall 
the last and second to the last positions. Continue 
practicing until the subject generally recalls the correct 
position).
Now I am going to make it even more difficult. I will 
not let you see what you are going to do.
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PASSAGE FOR THE 5-YEAR OLDS TO SHADOW
Mr. Pine made signs. He made signs that said stop.
He made signs that said go. He made signs that said fast, 
and signs that said slow. Mr. Pine made all the signs in 
a little town. A town needs many signs. It needs signs 
for roads and streets and stores. Mr. Pine made them all 
for Little Town. He painted big signs, he painted little 
signs. He painted signs with words, he painted signs with 
pictures. Go this way. Go that way. or signs that said 
look out, a road will cross, slow down, hole in the road.
Yet Little Town had all the signs a town could need. But 
little by little, the signs in little town got old. The
rain and snow fell on the signs. The wind blew them and
the hot sun baked them. Soon no one could tell what the 
signs said. We need new signs said the mayor of little 
town. I will go to see Mr.Pine, and he did. Mr. Pine, we 
need new signs all over Little Town, said the mayor. Will 
you make them for us? Oh yes, yes said Mr. Pine. I like 
to make signs, I will paint them all, and I will put them
up too. We need them right away said the mayor. I will do
them right away said Mr. Pine. You will have them all in 
one week. The next week Mr. Pine painted and painted and 
painted. He painted big signs, he painted little signs.
He painted round signs, he painted red signs, and blue signs, 
and green signs. At1'the dnd of the week all the new signs
were done. Now I must let the signs dry said Mr. Pine.
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Then, I can put them up in the morning. In the morning,
Mr. Pine got out of bed but could not find his glasses.
Mr. Pine said he looked here and there and here and even 
there. He looked everywhere but he did not find his 
glasses. Where can they be he said. On dear, everything 
looks so funny. I wish I had my glasses, everything did 
look funny but Mr. Pine had to put up the signs. So he 
went out to put up the signs. Soon the new signs were up
all over Little Town. Mr. Pine did not know it but the
signs looked funny too. The town looked like this and like 
this and like this. Did you ever see a town look like
this and like this and like this. Mr. Jones the baker
went to open his store and the sign over the door of his 
store said hats for sale. Mr. Clark went to open his store. 
The sign on the window said gas 30 cents. Mr. Hill went to 
to open his candy store, the sign on the door said pet shop, 
cats and dogs for sale. Mr. Brown went to open his book 
store and what did he see, a big sign that said no parking 
at any time. Every sign on every door on every street was 
new. But they were all mixed up. Over the bank the sign 
read bread. The sign on the main street said candy, 5 cents. 
The sign on the mayor's door said this way to the zoo.
Find Mr. Pine cried the mayor. Find him fast. Soon every­
one was looking for Mr. Pine. Where was Mr. Pine.
The rest of the story was not needed.
PASSAGE FOR THE 7-YEAR OLDS TO SHADOW
In the broom closet of a house by a lake there lived 
a young mouse named Broderick. He was passionately fond of 
books. Fortunately for him the children of the house 
loved books too. They brought armloads of them from the 
library every week. The children read the books during the 
day, and Broderick chewed on the bindings during the night. 
He always judged a book by its cover. One night Broderick 
came upon a book that had been left open. There was a 
portrait of a mouse on the title page. He was so 
fascinated that he read the book five times in a row and 
forgot to chew the cover. Amazing he thought. Why didn't 
I know this before? He became so eager to read that he 
couldn't think of anything else. He never chewed on a 
book now unless it was about cats. What he particularly 
loved were stories about famous mice. He simply could not 
read too often about Norman who was doorman of an art 
museum and winner of a sculpture contest; Amos who guided 
Ben Franklin in almost every important step of his career; 
Miss Bianca, Niles and Bernard who rescued a Norweigan 
poet from the dungeon of the black castle; Anatole who 
became the first vise president in charge of cheese 
tasting at the Duvoul Cheese Factory in Paris. Broderick 
began to take long walks by the lake listening to the 
waves and dreaming dreams of glory. I too will make my 
mark in the word he thought. The other mice in the house
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laughed at his ideas. Just being a mouse is a full time 
career in itself they said. What's more, what do you want. 
I want to do something that no mouse has ever done before, 
Broderick answered. But he didn't know what that might be. 
One night there was a different kind of book on the 
floor. As Broderick read it his wiskers twitched and his 
tail began to tremble. Eurika he thought, here is my 
career at last. He read the book and studied the pictures 
for many hours. There was only one thing he needed. In 
the light of early dawn, he searched the house for it from 
basement to attic. Finally he found an old tongue 
depresser in the medicine cabinet. Since there was nothing 
better it would have to do. He made it smooth with a 
scrap of sand paper and waxed it with a candle end. Then 
he raced down to the lake carrying the tongue depresser 
over his head and shouted surf's u p . Three minutes later 
he had his first wipe out. Broderick persisted in spite 
of hunderds of wipe outs, fatigue, head colds, and other 
discouragements. In order to be close to his work, he 
built a small cabana on the beach. He spent almost every 
daylight hour in the water and many moonlit ones as well.
As the weeks and months went by, he gradually mastered the 
art of surfing. He learned to ride the wave kneeling, and 
then standing. He learned the pullout and the cutback.
The rest of the story was not recorded.
PASSAGE FOR THE IX-YEAR OLDS TO SHADOW
I remember the day the alute ship came to our island.
At first it seemed like a small shell aflote on the sea.
Then it grew larger and was a gull with folded wings. At 
last the rising sun, it became what it really was, a red 
ship with two red sails. My brother and I had gone to the 
head of the canyon that windSs down to a little harbor 
which is a coral cove.
My brother Romao is only a little boy, half my age 
which was 12. He was small for one who had lived so many 
suns and moons, but quick as a cricket and also foolish 
as a cricket when he was excited. For this reason and 
because I wanted him to help me gather roots and not 
go running off, I said nothing about the shell I saw or 
the gull with folded wings. I went on digging in the dirt 
with my pointed stick as though nothing at all were 
happening on the sea, even when I knew for sure that the 
gull was a ship with two red sails. But Romao1s eyes 
missed little in the world, they were black like a 
lizzard and very large. And like the eyes of the lizzard 
could sometimes look sleepy. This was the time they saw the 
most. This was the way they looked now. They were half 
closed like those of a lizzard lying on a rock about to flip 
out its tongue to catch a fly. The sea is smooth Romao 
said. It is a flat stone, without any scratches. My 
brother liked to pretend that one thing was another. The
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sea is not a stone without scratches I said. It is water 
and no waves. To me it is a blue stone, he said. And far 
away on the edge of it is a small cloud which sits on the 
stone. Clouds do not sit on stones. This one does not on 
the sea I said. Dolphins sit there and gulls and otter and 
wales too, but not clouds. It is a whale maybe. Ramao was 
standing on one foot watching the ship comming, which he 
did not know was a ship because he had never seen one. I 
had never seen one either. But I knew how they looked, 
because' I had been told. While he gazed at the sea, I said 
I dig roots and it is I who will eat them and you will not. 
Ramao began to punch at the earth with his stick, but as 
the ship came closer, its sails showing red through the 
morning mist, he kept watching it. acting all the time as 
if he were not. Have vou ever seen a red whale, he asked. 
Yes I said, though I never had. Those that I have seen are 
gray. You are very young and have not seen everything that 
swims in the world. Ramao flicked up a root and was about 
to drop it into the basked. Suddenly his mouth opened 
wide and then closed again. A canoe, he cried, a great one. 
Bigger than all of our canoes together. A canoe or a ship, 
it did not matter to Ramao. In the very next breath he 
tossed the root in the air and was gone thrashing in the 
brush, shouting as he went. I kept grathering roots but 
my hands trembeled as I dug in the earth.
The rest of the story was not recorded.
PASSAGE FOR THE 19-YEAR OLDS TO SHADOW
This cold October morning the pair of bald eagles has 
failed to reappear. I saw them last evening snatching pike 
from the lake shallows, carrying the fish to the tall pine 
where they had nested, and eating them.
Today the shoreside aspens, oaks, and maples still 
blaze with the chromatic fires of fall, but today also a 
skim of ice glazes the northern Minnesota lake. A warm 
spell would melt it, and the eagles might fish again. Just 
as likely, they have flown south, nudged by the first sharp 
cold.
In October I worry. I say to myself, "I've got to hope 
and believe that those old birds will make it back next 
spring."
These are the great eagles I have watched building 
their nests, feeding their young, fussing at the nestlings' 
first flights, drifting on broad wings through summer skies. 
Can I expect that these white-headed emblems of our nation, 
these symbols of all that's wild and free, will survive for 
yet another year the multiple hazards that already have 
decimated their numbers?
As an associate professor of biology at Western Illinois 
University, I've studied bald eagles from Minnesota to 
Florida, from the Mississippi to the Pacific. In all, I 
have spent much of the past ten years close to these noble 
birds, mv research supported in part by the National
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Geographic Society.
Large predatory birds such as hawks and eagles--birds 
that through size and food requirements need an extensive 
home range--probably never have been numerous. A century 
ago, perhaps a quarter of a million bald eagles were thinly 
spread throughout North America. Then, as now, they were 
abundant in restricted feeding habitats and certainly 
plentiful in their breeding ranges.
Today this majestic raptor— 2 % feet tall as he grips 
a perch, 6 % to 7 feet from wing tip to wing tip in 
soaring flight--is counted only in the thousands. Fewer 
than 4,000 survive in the contiguous United States; a 
recent survey recorded only 708 breeding pairs. Perhaps 
35,000 to 80,000 bald eagles remain in Canada and Alaska.
Two races live in the United States--the northern bald 
eagle and the smaller southern race. The southern one is 
officially endangered; both literally are fighting for their 
lives.
The southern bald eagle, less migratory than the 
southern subspecies, nests sparsely across the southern 
states from California to South Carolina, and in Florida. 
Some birds drift up the East Coast.
More than with most creatures, the bald eagle's 
survival hinges on man, whose reshaping of the landscape 
and intrusion on wild places put unrelenting pressure on 
the bird. The rest of the story was not recorded.
ORGANIZATION OF MEMORY STUDY 
INSTRUCTIONS
The test today is broken into two phases, a learning 
phase and a transfer phase. During the learning phase, I 
am going to ask you to remember eight positions for eight 
trials. During the transfer phase, a new task will be 
used and once again you will need to remember eight 
positions for eight trials.
For a trial, I will say move, you then move to a stop 
When I say return, move the handle back to the start. Thi 
will happen for eight positions. After I show you the 
eighth position, I will say return and remember. While 
remembering, you may remember the positions in any order 
you wish. You do not have to remember them in the order 
in which I gave them to you.
Additional Instructions for the Training Group
Can you tell me what the word organize means? It 
means that you group the movements in a certain way that 
seems to be orderly. (Talk about mother's wash and organ­
izing similar clothes in a drawer.) If you were given a 
group of movements, what would seem to be an orderly or 
organized way to remember the movements. (From short to 
long.)
While you are moving through these eight positions, I
want you to think about how the positions are alike. Try
to reorder the positions so that they are easier to recall
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Instructions for all groups
This board will be set up while you move. If you can 
not remember t?hat positions you have not yet recalled, 
you can look at this board. The numbers that show are 
the positions that need to be recalled.
Lets practice.
REHEARSAL STUDY INSTRUCTIONS 
Today I am going to see how well you can remember eight 
spots along this trackway. In order to help you remember 
these spots, I will let you repeat them over in your mind 
and feel the spot.
Additional instructions for the Adult-Strategy group
You will move to a new spot and stay there until I 
say let go. After this you will practice two additional 
spots plus the new one again. Lets practice. (One trial 
given on an angle that is not used for the actual test). 
Additional instructions for the Child-Strategy group
You will move to the new spot and stay there until I 
say release. While you are at the spot, I want you to 
practice the spot by repeating the number over and over 
again out loud.
Additional instructions for the Self-Determined group 
You will move to a new spot and when I say let go 
take your hand off the handle. While you are at the spot 
you can practice the spot in any way you want. Several 
ways I can think of to practice are: by repeating the
number over and over again, or asking to feel other spots 
that you might have forgotten or are similar to the spot 
where you are. You will have eieht seconds in which to 
practice.
All groups were given one trial on an anele not used 
for data collection.
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MEMORY SPAN STUDY INSTRUCTIONS 
For the last part, I am going to ask you to move to 
either one, three, or five spots along the trackway. After 
you move to the last spot, I will ask you to remember the 
spots in any order you .want.
When I say move, you move the handle to the stop, and 
when I say 'go back to the start' you return the handle 
to the start. This will happen for one, three, or five 
spots and then I will say remember. Take as much time as 
you need to remember the spots.
Before you move to the first spot, I will tell you how 
many spots you will have to remember.
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APPENDIX B 
DESCRIPTIVE ANALYSIS AND 
STATISTICAL SUMMARY TABLES
Table B-l
Means and Standard Deviations by Age and Delay Interval Length
Age
(Years)
Delay
Interval
(msec)
Mean
AE
SD
(cm)
Mean
1CE1
SD
(cm)
Mean
CE
SD
(cm)
Mean
VE
SD
(cm)
■ 5 0 10.52 5.94 9.07 6.47 8.21 7.64 9.14 5.25
400 16.84 7.01 8.99 7.01 5. 97 9.96 19.46 6.93
800 19.49 9.43 18.31 10.41 18.31 10.41 12.67 5.82
1600 18.70 6.45 7.37 7.19 .92 10.54 23.60 8.31
2000 17.06 7.18 7.30 6.97 -1.57 10.24 20.06 9.07
7 0 11.94 7.20 9.04 8.02 4.72 11.42 10.08 6.72
400 17.00 7.06 10.52 8.89 4. 72 13.31 17.71 5.86
800 13.15 4.47 11.80 5.74 11.80 5.74 9.84 4.56
1600 14.52 7.38 8.91 9.63 -2.31 13.23 14.53 5.60
2000 23.20 6.55 16.37 10.61 -7.46 18.67 22.67 4.83
11 0 4.66 1.93 2.59 1.90 .65 3.26 5.18 2.46
400 18.69 5.64 10.53 7.68 3.89 12.86 21.65 5.38
800 13.02 4.54 11.01 6.18 11.01 6.18 10.17 5.71
1600 14.93 6.04 6.51 5.49 .56 8.77 18.69 6.54
2000 18.83 7.47 11.77 9.57 -9.94 11.64 20.56 6.64
19 0 5.26 4.43 2.91 2.36 2.23 4.15 6.48 6.87
400 12.29 1.89 4.33 3.95 4.16 4.15 15.17 3.28
800 13.39 6.00 10.99 6.67 10.99 6.67 12.08 6.13
1600 13.09 5.07 5.00 3.26 -3.74 4.78 17.23 6.69
2000 18.42 6.95 11.19 6.15 -8.44 9.89 20.38 9.11
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Table B-2
4 x 2 x 5  ANOVA for AE and ICE I with 
Five Delay Intervals as Repeated Measures
Source df AEMS
AE
F
ICEI
MS
ICEI
F
Age (A) 3 170.77 2.80* 190.15 1.61
Sex (S) 1 12.40 .20 115.84 .98
A x S 3 57.20 .94 108.33 .92
Subj(A x S) 32 60.93 1.83* 117.96 3.34*
Interval (I) 4 681.49 20.49* 369.99 10.49*
A x I 12 66.70 2.00* 79.71 2.26*
S x I 4 31.10 .93 18.73 .53
A x S x I 12 21.71 .65 30.32 .86
Subj (A x S) x I 199 33.27 35.27
£ ^  .05
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Table B-3 
4 x 2 x 5  ANOVA for CE and VE with 
Five Delay Intervals as Repeated Measures
Source df CEMS
CE
F
VE
MS
VE
F
Age (A) 3 309.04 .34 62.92 1.58
Sex (S) 1 45.72 .68 45.10 1.13
A x S 3 174.24 .59 29.92 .75
Subj (A x S) 32 267.34 4.57* 39.89 .94
Interval (I) 4 2184.22 27.33* 1273.37 30.14*
A x I 12 29.85 .51 57.80 1.37
S x I 4 50. 20 .86 31.37 .74
A x S x I 12 73.60 1.26 17.47 .41
Subj ( A x  S) x I 199 58.50 42.25
E. is • 05
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Table B-4 
4 x 5  ANOVA For AE and ICEI with 
Five Delay Intervals as Repeated Measures
Source df AEMS
AE
F
ICEI
MS
ICEI
F
Age (A) 3 170.77 2.88* 190.15 1.62
Subj (A) 36 59.25 1.84* 117.09 3.40*
Interval (I) 4 618.49 21.14* 369.99 10.76*
linear 1 3016.72 50.67* 389.26 11.32*
Quadratic 1 3586.59 60.20* 119.78 3.48
cubic 1 2.89 .05 326.97 9.50*
I x A 12 66. 77 2.07* 79.71 2.23*
Subj(A) x I 144 32.24 34.40
p L .05
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Table B^ -5
4 x 5  
Five Delay
MANOVA for CE and VE with 
Intervals as Repeated Measures
Source df Wilks Lambda
Age
Interval 
Age x Interval
2, 3, 36 .78 
2, 4, 144 .30* 
2, 12, 144 .98
2. £ . 05
Table Bt6
4 x 5  ANOVA for CE and VE with
Five Delay Intervals as Repeated Measures
Source df CE CE VE MS F MS
VE
F
Age (A) 3 309.04 1.22 61.92 1.61
Subj (A) 36 253.43 4.26* 39.20 .98
Interval (I) 4 8736.22 36,69* 1273.37 31.93*
linear 1 3016.72 50.67* 2761.88 69.26*
quadratic 1 3583.59 60.02* 14.55 .36
cubic 1 2.89 .05 722.77 18.13*
I X A 12 29.85 .50 57.80 1.45
Subj (A) x I) 144 59.53 39.87
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Table C-l 
Means and Standard Deviations for 
each Age for the Locations within Number of Positions
Age No. Pos SPATIAL TEMPORAL
* of AE CE AE CE
11
19
Pos. Mean SD Mean SD Mean SD Mean SD
1 1 5.47 4.20 1,48 6.81 5.47 4.20 1.48 6.81
3 1 10.95 11.06 2.14 15.55" 13.16 9.82 -8.59 14.12
2 11.57 9.63 -2.34 15.02 12.10 11.74 -3.23 16.69
3 19.84 11.86- 15.71 17.11 17.10 12.56 -4.07 21.05
5 1 6.62 8.03 4.44 9.68 10.84 11.97 -4.55 15.60
2 8.18 8.51 .95 11.87 13.04 11.26 -7.88 15.45
3 12.79 7.53 -6.50 13.50 13.70 8.74 -5.35 15.52
4 13.03 8.36 -8.34 13.17 11.96 8.77 -5.25 14.01
5 22.48 11.41- 21.61 13.02 13.56 11.27 -8.02 15.83
1 1 3.66 4.55 2.14 5.46 3.66 4.55 2.14 5.46
3 1 7.48 7.07 3.15 9.88 8.96 8.53 . 95 12.45
2 6.78 5.93 .28 9.10 8.47 8.57 -1.52 12.05
3 11.31 9.81 -5. 78 13.93 8.14 6.86 -1.77 10.60
5 1 3.25 3.32 1.67 4.37 4.80 7.26 -.21 8.75
2 3.41 4.11 .95 5.29 6.28 6.27 -4.63 7.62
3 9.38 7.70 -3.32 11.78 9.06 6. 79 -4.53 10.48
4 9.98 6.36 -9.98 6.36 7.95 7.89 -6.45 9.20
5 15.27 10.95- 13,73 12.89 13.20 10.50 -8. 57 14.65
1 1 3.56 3.16 .34 4.79 5.23 8.24 2.21 9.55
3 1 5.05 7.98 2.93 9.01 7.68 6.97 -2.44 10.17
2 6.48 5.03 -.86 8.25 5.84 6.80 -2.61 8.62
3 7.22 8.63 -4.91 10.18 4.28 4.35 -.09 6.16
5 1 4.18 6.13 3.05 6.79 5.18 4.68 4.35 -.09
2 4.16 3,71 .68 5.58 7.15 7.34 -3.17 9.81
3 6.71 6,66 -2.27 9.26 6.18 5.19 -1.38 8.03
4 6.13 4.17 -4.63 5.84 7.17 8.15 -3.58 10. 72
5 9.33 8.01 -7.24 10.00 3.66 4.55 2.14 5.46
1 1 2.70 2.81 -.09 2.93 2.70 2.81 -.09 3.93
3 1 6.19 8. 73 3,19 10.26 6,19 8,73 3.19 10.26
2 3.40 2.62 .59 4.30 3.40 2.62 . .59 4.30
3 4.57 4.13 -2.30 5.76 4.57 4.13 -2.30 5.. 76
5 1 1.79 1.84 .83 2.45 1.79 1.84 .83 2.45
2 3.02 4.19 1.89 4.83 3? 02 4.19 1.89 4. 83
3 7,21 4.92 -.82 8.79 7.21 4.92 -.82 8.79
4 5.88 5.52 -1.37 8.02 5.88 5.52 -1.37 8.02
5 8.13 6.57 1.48 6.81 8.13 6.57 -7.96 6.78
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Table C-2
4 x 3 x 2 x 3 x 5  ANOVA for Spatial AE and CE 
with Repeated Measures on Number of Positions and Locations
Source df AEMS
AE CE 
F MS
CE
F
Age (A) 3 3002.91 34.65* 994.90 3.06*
Angle (An) 2 251.81 2.91 35.32 .11
Sex (S) 1 .69 .00 9.06 .03
A.x An 6 125.06 1.44 114.42 .35
A x S 3 130.59 1.51 132.46 .41
An x S 2 76.54 .88 193.78 .60
A x An x S 6 68.05 .79 504.61 1.55
Subj(A x An x S) 96 87.67 1.54 325.55 3.23*
Number of Positions (N) 2 1015.91 18.04* 1265.05 12.57*
A x N 6 102.10 1.81 186.81 1.86
An x N 4 51.33 .91 36.28 .36
S x N 2 81.64 1.45 16.72 .17
A x An x N 12 20.72 .37 37.12 .37
A x S x N 6 47.82 .85 38.12 .38
An x S x N 4 30.48 .54 22.39 .22
A x An x S x N 12 53.76 .95 47.98 .48
Subj(A x An x S)x N 192 40.51 .72 83.71 .83
Location(N) (P(N)) 6 1415.24 29.17* 3993.74 66.87*
A x L(N) 18 145.47 3.00* 298.56 5.00*
An x L(N) 12 32.36 .67 48.94 .82
S x L(N) 6 14.36 .30 12.03 .20
A x An x L(N) 36 33.67 .69 57.99 .97
A x S x L(N) 18 39.62 .82 14.54 .24
An x S x L(N) 12 12.24 .25 14.13 .24
A x AN x S x L(N) 36 48.99 1.01 67.36 1.13
Subj(A x An x S) x L(N) 576 48.52 59.72
£ .05
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Table C-3
4 x 3 x 2 x 3 x 5  ANOVA for Temporal AE and CE 
with Repeated Measures on Number of Positions and Locations 
(effects that are different from Spatial error)
Source df AEMS
AE
F
CE
MS
CE
F
L(N) 6 244.22 4.34* 211.80 2.10
A x L(N) 18 62.74 1.11 97.98 .97
An x L(N) 12 119.13 2.12 * 55.39 .55
S x L(N) 6 44.81 .80 61.99 .62
A x An x L(N) 36 77.13 1.37 66.89 . 66
A x S x L(N) 18 73.95 1.31 103.96 1.03
An x S x L(N) 12 56.19 1.01 124.60 1.24
A x An x S x L(N) 36 51.74 .92 126.55 1.23
Subj(A x An x S) x L(N) 576 56.30 100.66
p ^  .05
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Table C-4
4 x 3 x 3 x 5 ANOVA for Spatial AE and CE 
with Repeated Measures on Number of Positions and Locations
Source df AE
MS
AE
F
CE
MS
CE
F
Age (A) 3 3002.91 34.97* 994.90 3.06
Angle (An) 2 251.81 2.93 35.31 .11
A x An 6 125.06 1.46 114.42 1.45
Subj (A x An) 108 85.87 1.82 325.19 5.32
Number of Positions (N) 2 1015.91 21.47* 1265.10 16.07
A x N 6 102.10 2.16* 186.81 2.37
An x N 4 51.33 1.08 36.28 .46
A x An x N 12 20.72 .44 37.12 .47
Subj(A x An) x N 216 41.64 .88 78.70 1.28
Location(N) (L(N)) 6 1415.24 29.91* 3993.74 65.28
A x L(N) 18 145.47 3.07* 298.56 4.88
An x L(N) 12 32.36 .68 48.94 .80
A x An x L(N) 36 33.67 .71 78.16 1.27
Subj(A x An) x L(N) 648 47.31 61.18
E £ .05
Table C-5
4 x 3 x 3 x 5 ANOVA for Temporal AE and CE
with Repeated Measures on Number of Positions and Locations
(effects that are different from Spatial error)
Source df AE .E CE CE
MS F MS F
Location(N) (L(N)) 6 244.22 4.33* 211.80 2.07
A x L(N) 18 62,74 1,11 97.98 .96
An x L(N) 12 119,13 1,37 53,39 .54
A x An x L(N) 36 77.13 1.37 66.89 .65
Subj(A x An) x L(N) 648 56.43 95.66
Table C-6 
4 x 3  ANOVA for AE and CE
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Source df AEMS
AE
F
CE
MS
CE
F
Age 3 40.61 3.04* 31.66 1.11*
Angle 2 41.29 3.10* 23.66 .83
Age x Angle 6 18.61 1.40 33.99 1.19
Subj(Age x Ang le)108 13.34 28.50
p <T .05
Table C-7
4 x 3 x 3  ANOVA for Spatial AE and CE 
with Repeated Measures on Positions
Source df AE
MS
AE
F
CE
MS
CE
F
Age (A) 3 1526.45 17.39* 575.39 2.52*
Angle (An) 2 124.40 1.42 35.39 .16
A x An 6 77.87 .89 107.49 .47
Subj(A x An) 108 87.76 1.51 228.01 2.70
Position (P) 2 483.50 8.47* 3122.43 36.91*
A x P 6 173,15 2.97 17.79 .21
An x P 4 43,61 .75 59.64 .70
A x An x P 12 24.52 .42 79.63 .94
Sub i (A x An) x P 216 58.25 84.60
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Table C-8
4 x 3 x 3  ANOVA for Temporal AE and CE 
with Repeated Measures on Positions
Source df AEMS
AE
F
CE
MS
CE
F
Age (A) 3 1526.45 17.39* 575.39 2.52
Angle (An) 2 124.40 1.41 35.39 .16
A x An 6 77.86 .89 107;49 .47
Subj (A x An) 108 87.76 1.41 228.01 1.95
Position (P) 2 34.00 .54 23.48 .20
A x P 6 96.44 1.55 173.72 1.49
An x P 4 67.70 1.09 21.43 .48
A x An x P 12 61.34 .99 70.88 .61
Subj (A x An)’ x P 216 62.14 116.89
E
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Table C-9
4 x 3 x 5  ANOVA for Spatial AE and CE
with Repeated Measures on Positions
Source df AEMS
AE 
' F
CE
MS
CE
F
Age (A) 3 1640.05 24.10* 761.46 3.37*
Angle (An) 2 188.78 2.77 • 48.81 .22
A x An 6 70.02 1.03 47.18 .21
Subj (A x An) 108 68.06 1.63 226.09 4.57
Position (P) 4 32.91 .79 4429.39 89.54*
A x P 12 131.62 3.15* 317.71 6.42*
An x P 8 26.43 .64 43.59 .88
A x An x P 24 38.24 .91 77.42 1.56*
Subj (A x An) x P 432 41.84 49.47
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Table C-10 
4 x 3 x 5  ANOVA for Temporal AE and CE 
with Repeated Measures on Positions
Source df AEMS
AE
F
CE
MS
CE
F
Age (A) 3 1640.05 2,41* 761.46 3.37*
Angle (AN) 2 188,78 2.77* 48.81 .22
A x An 6 70.02 1.03 47.18 .21
Subj (A x An) 108 68.06 1.28 226.09 2.38
Position (P) 4 349?33 6.52* 305.96 3.22
A x P 12 45.89 .86 60.11 .63
An x P 8 144.84 2. 70* 72.37 .76
A x An x P 24 85.02 1.59* 64.97 .68
Subj(A x An) x P 432 53.57 94.97
2. £l.05
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Table D-l
Means and Standard Deviations from the Age x Group X Trial x Position Interaction
A
g
e
G
r
o
u
p
T
r
i
a
1
P
0
s
i
t
i
o
n
AE
Mean
Spatial
CE
SD Mean SD
AE
Mean
Temporal
CE
SD Mean SD
5 EPO 1 1 10.79 13.31 7.89 15.40 10,95 10,63 2.36 15.49
2 9.33 11.01 5.66 13.51 14.88 9.64 3.56 11.41
3 9.48 7.37 -.57 12.40 14.02 11.64 -3.03 18.54
4 9.87 7.68 -.32 12.92 12.29 9.89 -6.40 14.34
5 12.37 7.92 -5.80 13.98 13.73 10.74 -9.85 14.73
6 14.82 9.36 -9.85 14.96 10.84 9.76 -3.49 14.57
7 15.96 9.78 -12.31 14.51 12.57 9.60 -6.99 14.61
8 19.18 12.05 -19.48 12.64 13,14 12.45 -7.71 16.76
2 1 8.57 10.29 6.60 11.79 12.71 9.10 -1,99 16.05
2 8.76 10.59 3.02 13.69 13.61 10.16 -5.12 16.73
3 8.97 6.95 -1.95 11.55 15.03 9.04 -8.16 16.09
4 8.99 5.84 -6.54 8.70 11.76 9.16 -10.00 11.25
5 12.06 7.31 -12.06 7.31 13.46 8.81 -12.84 9.79
6 15.02 6.83 -12.69 10.89 12.53 9.60 -8.64 13.56
7 18.20 7.25 -16.54 10.81 11,11 8.29 -5.81 12.98
8 21.96 9.85 -21.34 11.26 12.35 12.27 -8.96 15,16
3 1 7.92 10.99 5.15 12.69 13.65 13.52 -6.39 18.56
2 6.48 7.82 1.13 10.31 14.23 8.79 -7.27 15.60
3 10.11 8.67 -3.04 13.36 11.46 9.44 -3.09 14.98
4 12.31 8.42 -6.57 13.83 17.16 10.68 -11.06 17.47
280
Age Gr. Tr. Pos. SAE
Mean SD Mean
5 13.
6 15.
7 18.
8 23.
1 7.
2 9.
3 8.
4 9.
5 10.
6 14.
7 17.
8 22.
1 9.
2 10.
3 8.
4 8.
5 13.
6 14.
7 19.
8 21.
1 9.
2 9.
3 8.
4 12.
5 11.
6 14.
7 15.
8 23.
5..59 -9. 37
6,,80 ••9,48
10.,57 -18. 94
10..49 -23. 45
10.,82 5. 46
10..32 3. 45
6 . 52 -1.92
7. 19 -5. 27
6.,35 -9. 33
7..46 -10. 31
6 , 46 -15. 58
11..40 -20. 62
13.,15 8. 59
10.,77 4. 81
8.,69 -1.90
8,.01 -2. 24
5.,54 -9. 40
7,,00 -11. 83
6.,72 -17. 60
11..47 -20. 91
11..39 6. 90
9..63 6. 40
7,.63 8. 00
5..78 -3. 27
5..51 -4. 07
6,.42 -10. 26
8,.60 -2. 39
8..94 -13. 83
15
37
94
45
59
35
93
35
72
27
41
55
60
34
43
75
17
28
39
92
28
96
36
24
74
32
95
99
SCE TAE TCE
SD Mean SD Mean SD
11.21 12.23 6.
14.45 14.55 9.
10.57 12.52 9.
10.49 11.92 12.
12.17 13.51 14.
13.79 14.34 13.
11.27 '8.72 7.
10.86 11.56 6.
8.44 14.39 5.
12.81 13.23 8.
10.75 12.79 10.
15.40 11.93 8.
13.91 10.78 12.
14.46 9.90 12.
12.43 11.81 9.
11.99 10.40 8.
11.18 15.94 8.
10.96 13.05 9.
10.90 19.16 8,
13.39 14.84 8.
13.13 13.19 8.
12.84 11.86 9.
11.65 12.95 5.
13.71 14.53 6.
12.85 12.87 11.
12.33 8.36 5.
18.72 16.52 13.
22.52 15.58 10.
-8.23 11.55
-11.40 13.37
-9.68 12.99
-7.44 15.96
-3.25 19.76
-6.29 18.99
-3.64 11.15
-7.48 11.40
-10.10 12.26
-5.20 15.59
-11.98 11.75
-5.97 13.83
-1.47 16.94
-2.40 16.06
-3.40 15.35
-3.57 13.60
-9.46 16.21
-10.16 12.52
-11.99 18.12
-6.15 16.63
-3.71 15.98
-3.18 15.63
-4.90 13.84
-8.13 14.31
-4.21 17.15
-4.88 9.15
-6.99 20.46
15.58 10.16
oo
j-*
53
38
93
59
11
28
38
61
81
87
75
53
65
47
67
88
94
06
94
59
80
97
65
61
40
72
02
16
Age Gr. Tr. Pos. SAE SCE TAE TCE
Mean SD Mean SD Mean SD Mean SD
5 EPO 7
8
5 TO 1
1 9.84 11.88 8.58 12.93 11,22 7.82 -5.43 12.98
2 10.55 13.83 7.37 15.96 8.83 9.53 1.23 13.26
3 9.15 9.19 2,48 13.06 16.95 11.50 -8.65 19.19
4 9.08 5.71 -5.57 9,57 14.12 7.93 -11.03 12.22
5 10.68 6.30 -6.98 10.90 15.80 12.63 -1.76 20.82
6 15.05 5.11 -11.44 11.50 12.96 6.41 -4,65 14.27
7 18.52 7,85 -17.23 10.63 12.57 9.93 -10.22 12.53
8 21.48 6.63 -19.49 11.60 11.91 10.24 -1.77 16.10
1 10.40 12.08 9.04 13.24 11.08 10.95 -3.34 15.62
2 8.80 9.28 5.32 11.59 8.85 6.73 -5.04 10.20
3 5.70 7.76 1.02 9.76 6.87 5.09 -5.15 6.99
4 7.06 4.34 -5.49 6.39 11,89 9.11 -11.73 9.34
5 12.23 5.07 -8,47 11.10 16.94 7.65 -10.11 16.24
6 16.34 4.83 -11.57 13.09 18.50 9.78 -5.32 21.08
7 18.68 7.12 -16.03 12.36 15.63 11.39 -.40 20.03
8 22.76 9.77 -22.76 9.77 12.22 10,67 -7.33 14.83
1 10.81 10.62 10.35 11.12 11.26 11,15 2.86 16.00
2 10.60 11.11 7.93 13.35 10.02 11.02 4.85 14,38
3 9.10 6.26 3.92 10.69 11,14 7.78 5.49 12.84
4 8.72 5.50 2.30 10.44 10.68 5.30 .84 12.63
5 7.25 5.78 -.87 9.53 14.16 7.97 -2.38 16.73
6 13.13 8.65 .79 16.30 11.22 10.57 -1.11 15.82
7 15.17 10.20 -8.63 16.65 11.53 10.13 -2.26 15.64
8 20.64 11.35 -13.54 19.96 15.41 12.17 -6.01 19,29
1 9.50 12.05 7.76 13.01 7,42 11.40 4.16 13.11
2 9.55 10.82 8.54 11.72 7786 10,28 5,42 11,90
3 8.64 8.64 4.26 11.45 10.18 9,13 5.27 12.95
4 8.97 8.60 2.55 12.49 11.21 8.82 5.29 13.65
282
a it m t) SAE SCEAge Gr. Tr. Pos.
Mean SD Mean
5 9.50 6.38 - 2 .2 9
6 12.84 8.26 - 6 .6 2
7 16.70 8.69 -9 .63
8 17.95 9.16 -13.09
1 5.95 9.72 4 .41
2 8.50 7.13 3.13
3 13.08 12.48 7 .04
4 8.98 4.38 -4 . 26
5 9.15 3.62 -6 .9 3
6 10.17 6.99 - 9 .2 0
7 11.29 7.53 -7 /57
8 14.87 8.28 -13 .20
1 6.10 7.05 4.69
2 7.86 8 .91 4 .87
3 9.17 7 .64 2.22
4 7.45 5.33 -1 .2 0
5 9.55 5.29 - 4 .4 0
6 10.75 7.62 - 3 .9 2
7 13.98 8 .64 -8 .1 9
8 12.97 8.42 - 7 . 7 2
1 8.95 11.78 7.38
2 7.99 10.54 6.26
3 10.96 8.16 4.35
4 10.78 7.72 - . 4 7
5 11.46 8.97 - 2 . 5 4
6 13.13 8.78 - 9 .2 6
7 14.49 10.45 -12 .05
8 17.22 9.68 -16.17
SD
TAE
Mean SD
TCE
Mean SD
11.63 11,66 6,12 - 4 .2 3 12 .98
14.24 13.05 8.09 - 9 .0 1 12.82
16.80 15.47 10.52 - 9 .2 7 17.65
15.85 16.33 10.52 - 9 .2 7 17.65
10.59 7,84 10,28 2,11 13.00
10.97 9.45 6.96 2.07 11.95
17.05 12.98 12,57 6.44 17.29
9.42 8.27 5.26 -3 .1 3 9.63
7.26 9.23 3.47 - 7 . 6 1 6 .51
8 .34 9,32 6.89 -8 .3 5 8.15
11.61 11.49 7.59 -7 .7 6 11.72
10.98 13.41 18.76 -10 ,33 12.56
8.16 6.10 7,05 4.69 8.16
11.03 7.86 8.91 4.87 11.03
12.09 9.17 7.64 2.22 12.09
9.40 7.45 5.33 - 1 .2 0 9.40
10.39 9.55 5.29 - 4 ,4 0 10.39
13.02 10.75 7.62 -3 .9 2 13.02
14.75 13.98 8.64 - 8 . 9 1 14.75
13.84 12,97. 8.42 - 7 . 7 2 13 .84
12.93 8.95 11.78 7.38 12.93
11.77 7.99 10.54 6.26 11.77
13.38 10.96 8,16 4.35 13.35
13.73 10.78 7.72 - . 4 7 13.72
14.81 11.46 8.97 - 2 . 5 4 14.81
13.71 13.13 8.78 - 9 .2 6 13.17
13.46 14.49 10.45 -12 .05 13.46
11.52 17.22 9.68 -16 .17 11.52 283
Age Gr. Tr. Pos. SAE
Mean SD Mean
5 TO 6 1 6.
2 7.
3 7.
4 10.
5 12.
6 10 .
7 16.
8 14.
7 1 6 .
2 5.
3 6.
4 7.
5 10.
6 12.
7 15.
8 16.
8 1 6 .
2 6 .
3 7.
4 8.
5 10.
6 11 .
7 14.
8 16.
SO 1 1 9.
2 7.
3 8.
4 5.
5 8.
8.,87 4. 36
7..35 4. 10
5.,07 35
5.,93 -2. 92
6.,98 -8. 02
5.,54 -7. 95
8..97 -14. 14
9.,38 14. 32
8..07 4. 10
6.,17 2. 32
4.,26 - 1 .39
3..70 -4. 30
5,,04 -6. 10
7..44 -10. 36
10,.39 -14, 69
11,.45 -15. 15
8.,32 5. 31
6 , 85 3. 77
6 , 64 *97
3.,98 -4, 67
6 . 38 -6 . 58
7.,81 -9. 63
7,.85 -12. 87
10..20 -15. 05
7..20 8. 48
6.,71 4. 25
8.,92 2. 30
3.,39 1. 93
9,,87 *54
13
33
59
06
78
96
13
32
85
28
08
47
35
40
99
98
85
89
32
21
11
54
89
08
09
15
93
48
00
SCE TAE TCE
SD Mean SD Mean SD
9.97 6,13 8,
9.75 7,33 7.
9.46 7.59 5.
11.76 10.06 5.
12.60 12.78 6.
9.70 10.96 5.
12.14 16.13 8.
9.38 14.32 9.
9.93 6.85 8.
7.94 5.28 6.
7.56 6.08 4.
7.43 7.47 3.
10.15 10.35 5.
10.35 12.40 7.
12.35 15.16 9.
14.01 17.81 13.
9.49 6.85 ‘ 8.
9,16 6.89 6.
10.13 7.32 6.
8.15 8.21 3.
10.31 10.11 6.
10.30 11.54 7.
11.12 14.89 7.
11.82 16.08 10.
7.98 9.98 11.
9.05 8.66 6 .
12,74 9.33 11.
6.39 12.76 10.
12.98 13.29 11.
4. 36 9.,97
4. 10 ~9.,75
* 35 9.,46
-2. '92 11,.76
-8. 02 12,.60
-7. 95 9..70
-14. 14 12,.14
14. 32 9,.38
4. 10 9,.93
2. 32 7,,94
-1.39 7,.56
-4. 30 7,.43
-6. 10 10,.15
-10. 36 10,.35
-13. 86 11,.22
-15, 98 14,.85
5. 31 9,.49
3. 77 9,,16
97 10,,13
-4. 67 8.,15
-6. 58 10.,31
-9. 63 10,.30
-12. 87 11,.12
-15. 05 11,.82
70 15.,91
i !40 11.,12
-5. 22 13..73
50 17,.10
, 71 17..80
87
35
07
93
98
54
97
38
07
17
26
70
04
44
16
32
32
85
64
98
38
81
85
20
96
50
04
57
00
Age Gr. Tr. Pos. SAE SCE
Mean SD Mean
6 8.
7 11.
8 16.
1 9.
2 5.
3 7.
4 7.
5 9.
6 14.
7 22.
8 21.
1 10.
2 8.
3 8.
4 13.
5 11.
6 16.
7 17.
8 21.
1 8.
2 11.
3 9.
4 10.
5 12.
6 11.
7 17.
8 19.
9.87 -.54
7.15 -2.00
12.08 -15.58
7.05 7.44
5.80 1.07
4.82 -.25
4.82 -3.91
8.13 -4.33
11.61 -6.97
8.69 -16.37
8.89 -16.57
12.29 8.75
6.30 4,74
15.06 4.18
8.91 -3,37
6.46 -5.64
9.21 -8.67
7.34 -12.51
7.47 -16.32
10.81 6.81
10.86 8.87
6.51 1.96
10.04 -3.11
10.28 -2.04
6.91 -4,03
9.95 -9.89
8.71 -14,64
00
45
68
26
44
64
61
51
45
18
49
94
59
50
04
64
59
27
09
14
08
40
27
50
35
52
96
TAE TCE
SD Mean SD Mean SD
12.98 12.71 10.37 -10.22 13.07
13.87 10.13 8,05 -1.39 13.29
13,61 11,22 8,16 -1.85 14.24
8.86 13.29 12.30 -3.81 18.21
8.09 12,84 8.15 -4,63 15.03
9.39 10.09 12.16 -1.80 16.04
8.40 12.26 10.23 -10.19 12,50
12.08 12.72 9.06 -4.81 15.37
17.69 12.96 10.01 -9.26 13.84
18.01 "6.36 3,52 -5.09 5.33
17.48 17.06 9.71 .01 20.44
14.10 9.83 8.74 -9.83 8.74
9.34 9.49 5.03 -1.17 11.13
16.96 18.93 11.75 -1.87 23,08
15.99 11.03 9.62 -2.97 14.77
12.53 12.65 7.21 -9.76 11.13
17,52 10.96 10.34 -.86 15.48
14.53 13.50 9.70 .43 17.22
15.95 21.26 12.52 -2.80 25.55
11.79 11.18 11,88 -2,73 16.48
12.92 11.00 8.30 .72 14.24
11.68 15.15 10.34 . .80 19.01
14,39 12.19 8.43 -7.44 13.22
16,57 14.67 11.53 -4,21 18.77
13,51 9.66 6.97 -.46 12.33
18.20 14.46 10.89 -1.44 18.67
16.75 11.90 10.86 -1.30 16.53
00U1
Age Gr. Tr. Pos. SAE
Mean SD Mean
1 11.
2 7.
3 9.
4 9.
5 12.
6 16.
7 20.
8 18.
1 8.
2 7.
3 5.
4 12.
5 11.
6 13.
7 17.
8 19.
1 8.
2 8.
3 9.
4 5.
5 10.
6 14.
7 14.
8 19.
1 8.
2 6 .
3 6.
4 9.
5 10.
13.36 9.42
8.19 6.44
11.60 4.90
6.78 -1.12
9.19 -7.10
8.60 -9.61
7.48 -14.30
10.39 -14.32'
10.04 7.15
7.59 5.40
3.55 -2.82
7.06 2.30
5.39 -3.13
7.13 -6.49
9.22 3.25
7.29 -12.64
9.36 7.86
10.67 5.64
11.09 6.70
3.64 -1.39
8.52 -4.43
7.55 -7.98
7.19 -14.63
10.41 -18.33
8.64 7.21
5.05 3.87
8.94 -3.84
7.11 -1,27
7.70 -5.37
90
54
57
29
69
29
58
62
49
83
56
68
43
25
24
68
43
03
15
57
23
81
63
86
53
09
10
32
82
SCE TAE TCE
SD Mean SD Mean SD
15.40 13,47 8.
9.17 15.10 10,
14.48 7,57 5.
11.85 12.65 10.
14.40 15.82 11,
16.31 14,81 11.
17.30 14,00 10.
16.29 13,05 13.
11.14 8,90 7.
9.66 14.23 8.
6.10 10,53 9.
14.92 13,58 9.
12.78 15.51 9.
14.11 11.25 7.
20.09 10.46 6.
17.49 11.71 9.
9.89 11.03 11.
12.25 9.94 6.
12.88 8,39 7.
6.76 11,87 9.
12.92 12.05 9.
15.17 10.77 8.
7.19 15,64 11.
13.15 11,01 11.
9.89 7.51 9.
7.08 13,97 8.
10.25 9.81 6.
12.05 7,83 9.
12.55 15.26 9.
•99 16. 51
-4, 83 18, 18
-2, 33 9. 22
-2. 42 16. 53
-6 . 01 19. 48
-4. 23 18. 94
-5, 81 16. 76
•94 19, 44
-2, 95 11. 55
3. 63 17. 01
2. 70 14. 08
-9. 20 14. 29
-4, 11 18. 50
-6. 89 11. 70
-1. 90 12. 61
11. 71 9. 10
*15 16. 20
-7, 94 8, 78
-6. 08 9. 86
.60 15. 94
-5. 96 14. 78
-7. 76 11. 73
1. 38 20, 18
64 16. 34
-2. 77 12, 38
-8. 74 14, 28
-6, 25 10. 29
-2. 97 12. 51
-9, 71 15. 53
48
15
24
09
89
62
03
77
42
91
12
66
69
00
44
10
28
11
75
89
83
70
71
52
96
48
51
84
34
Age Gr. Tr. Pos. SAE
Mean SD Mean
5 SO 8 
7 EPO 1
2
6 13.41 8.46
7 21.41 7.24
8 21.60 9.73
1 5.73 7.16
2 4.70 4.79
3 4.70 4.44
4 5.48 4.65
5 6.61 5.20
6 8.49 5.53
7 10.76 7.55
8 11.34 9.18
1 4.17 5.75
2 4.06 5.78
3 4.71 3.71
4 5.16 4.02
5 6.11 4.52
6 6.97 7.58
7 8.66 7.32
8 12.65 9.16
1 4.13 6.10
2 5.32 6.55
3 4.21 3.75
4 7.37 4.77
5 6.74 5.82
6 6.69 4.86
7 8.85 6.68
8 9.45 8.69
-11.96
-21.41
-18.92
3.74
1.18
-1.40
-.93
-3.37
-7.71
-10.76
-7.57
2.59
2.08
4.87 
-4.28 
-5.12 
-6.47 
-8.05 
-9.95
2.43
2.87
1.37
.13
- 2.10
-5.56
-5.98
-7.13
SCE TAE TCE
SD Mean SD Mean SD
10.60 16.14 10.92 -5.51 19.37
7.24 15.44 11.22 -11.37 15,72
14.68 11.33 3.58 -4.54 13.91
8.50 7.50 7.42 -2.35 10.50
6.78 7.16 5.50 -2.78 8.87
6.48 7.55 5.94 -3.77 9.10
7.35 7.88 6.24 -3.82 9.57
7.93 7.25 7.03 -.65 10.36
6.65 6.03 7.77 -1.72 9.87
7.55 6.37 4.11 -3.68 '6.86
12.78 8.05 8.91 -8.05 8.91
7.08 3.16 3.18 -.22 4.60
6.85 5.26 4.15 -2.64 6.34
6.18 5.01 4.38 -3.03 6.07
5.05 9.17 8.14 -1.98 12.43
5.73 7.37 6.73 -2.43 9.95
8.05 7.06 6.97 -6.68 7.19
8.06 7.72 7.62 -7.32 7.62
12.31 '8.25 8.92 -4.19 11.65
7.04 3.66 4.27 1.60 5.73
8.16 4.79 3.29 .01 6.03
5.63 6.90 6.02 -2.89 8.94
9.12 8.57 5.29 -1.69 10.32
8.92 5,86 6.51 -3.22 8.31
6.24 6.21 6.97 -1.15 9.48
9,59 3,47 7.71 -1.90 11.03
10.88 8.31 7.55 -3.73 10.88
OQ
Age Gr. Tr. Pos. SAE SCE
Mean SD Mean
1 3.
2 6.
3 5.
4 7.
5 7.
6 9.
7 7.
8 5.
1 3.
2 5.
3 5.
4 ‘57
5 8.
6 6.
7 10.
8 5.
1 6 .
2 3.
3 4.
4 6.
5 7.
6 6 .
7 3.
8 6.
1 3.
2 4.
3 6.
4 4.
5 6 .
3.15 2.22
6.38 3.73
5.33 2.43
4.69 .51
4.45 -2.33
7.28 -8.31
5.11 -7.38
4.89 -3.36
3.10 1.68
3.48 .60
3.01 -1.96
4.37 -3.11
6.67 -5.70
4.69 -6.15
6.79 -9.90
5.41 .13
9.53 5.66
2.86 .13
2.72 5.30
4.58 2.71
5.98 1.90
4.89 -2.81
3.02 -.69
6.02 3.40
4.96 2.47
2.41 1.02
2.60 .70
3.76 -.16
5.12 -1.91
52
16
19
69
55
85
38
65
05
26
20
51
24
76
84
26
87
98
15
06
02
93
36
25
42
23
03
55
19
TAE TCE
SD Mean SD Mean SD
4.28 6.47
8.21 5.90
7.19 3.09
9.34 6.27
8.78 9.05
9.17 8.21
5.11 6.55
6.84 7,44
4.10 4.18
6.51 4,62
5.91 8,44
6.49 7,06
9.16 6.92
5.54 6.79
8.20 6.72
7.74 5.39
10.38 4,76
5.08 3,29
5.15 4.37
7,33 5.52
9.30 10.70
8.28 6.94
4.60 4.87
8.00 3.66
5.55 1.30
4.95 4.98
6.83 6.63
6.09 4.48
8.04 7.20
4.23 -3.64
5.59 4.91
3.68 .51
6.21 -2,12
4.51 -.92
6.36 -2.54
5.45 -2.80
6.00 -1.46
3.59 .48
4.27 -.82
6.41 -2.56
5.54 -4.72
-4.27 8.46
4.28 -4.96
4.84 -2.84
6.02 -4.71
7.00 2.30
2.83 1.54
3.43 -.53
4.91 1.24
8.79 2,76
4.70 -3.07
2.84 -.90
2.57 3.66
4.37 2.29
4.64 2.29
8,02 -2.85
3.83 -.33
5.30 -1.47
7.05
8.34
4.88
8.79
10.50
10.41
8.29
9.75
5.66 
6.42 
10.63 
7.83
6.49 
8.04 
6.63
8.27
4.18
6.15
7.50 
14.01
8.07 
5.70
2.57
5.45
6.58 
10.21
6.07 
9.13
288
Age Gr. Tr. Pos. SAE
Mean SD Mean
7 EPO 7 6 6.
7 6.
8 5.
8 1 5 .
2 4 .
3 6.
4 4.
5 6.
6 5.
7 6.
8 3.
TO 1 1 7.
2 7.
3 7.
4 8.
5 10.
6 14.
7 12.
8 13.
2 1 7 .
2 6 .
3 8.
4 8.
5 9.
6 10.
7 14.
8 16.
6.40 -3.08
5.61 -4.38
8.04 -3.37
6.57 4.44
6.45 2.37
4.57 .84
2.76 1.28
6.10 .86
3.70 -4.23
4.54 -5.87
3.03 -.10
14.69 6.01
8.53 1.78
3.46 -3.46
5.00 -4.63
6.42 -6.80
8.13 -11.21
8.12 -9.22
11.63 -9.82
13.40 3.20
8.40 .78
9.66 4.20
6.09 -3.59
7.38 -8.47
9.01 -9.11
7.76 -11.86
11.29 -11.38
14
32
89
00
35
12
29
91
05
37
87
57
00
79
11
72
38
64
63
08
63
48
02
26
84
80
66
SCE TAE TCE
SD Mean SD Mean SD
8.51 7.33 5.52 -3.18 8.88
7.39 6.03 4.20 -.57 7.60
9.52 2.81 2.28 -1.41 3.43
7.00 5.23 5.99 2,37 7.75
7.51 3.79 2.01 -1.11 4.32
7.86 6.18 5.48 1.14 8.43
5.12 6.17 4.84 -2.00 ‘ 7.83
9.46 4.84 2.72 -.13 5.78
4.70 5.81 6.11 -.32 8.65
5.24 5.19 6.73 .19 8.68
5.10 4.75 3,86 -.55 6.29
15.47 9.36 14.63 2.09 17.51
11.12 8.21 8.24 -.03 11.95
8.08 10.86 8.62 -8,60 11.10
8.61 7.88 6.79 -2.71 10.34
10.84 11,34 4.00 -4.83 11.53
12.50 10.56 8.42 -6.83 11.96
12.20 13.44 10.55 -11.72 12.62
15.31 10.14 8.86 -4.72 12.96
14,97 6.69 5,81 -5.42 7.13
10.89 4.37 3.13 -2.21 5.06
13.16 10.74 11.16 -3.48 15.47
9.70 6.52 5.62 -4,27 7.66
8.36 10.25 9.23 -2.16 14.03
10.93 13.22 12,93 -.61 19,00
12.08 14.49 8,26 -9.42 14.24
17.10 15.48 12.61 -12.81 15,58
Age Gr. Tr. Pos. SAE SCE
Mean SB Mean SD
1 1.68
2 4.23
3 5.88
4 6.99
5 12.19
6 11.02
7 13.71
8 11.20
1 2.80
2 3.93
3 6.39
4 6.95
5 8.19
6 9.38
7 9.91
8 7.66
1 1.80
2 3.78
3 5.19
4 6.47
5 8.03
6 9.35
7 11.56
8 6.77
1 1.95
2 3.87
3 4,10
4 7.39
5 7.09
.19 -1.36 1.58
.81 -4.23 2.81
.16 -4.21 6.00
.28 -6.06 6.43
.07 -7.52 11.80
.21 -7.78 10.93
.49 -6.47 15.31
. 66 -5.32 14.97
.35 4.70 4.47
.28 -2.86 4.34
.52 -2.29 7.74
.19 -3.97 7.94
.10 -5.64 9.47
.30 -5.81 11.36
.61 -9.18 10.39
.68 -1.73 9.71
.41 -.77 2.22
.34 -1.89 4.80
.88 -3.82 6.12
.51 -6,41 6.59
.90 -6,06 8.86
.43 -7.54 10.25
.50 -4.30 14.59
.59 -3.92 8.02
.69 -.38 2.63
.83 -2.00 4.49
.76 -2.85 4.88
.00 -5.67 7.81
.10 -6.56 7.65
1
2
4
5
6
7
8
10
3
3
4
5
7
8
9
5
1
3
4
6
6
8
9
5
1
12
3
6
7
TAE TCE
Mean SD Mean SD
2.06 1.27 -2.00 1.38
3.65 2.59 -2.66 3.69
6.21 5.80 -5.82 6.24
7.12 4.37 -4.87 7.01
11.99 6.36 -5.36 12.97
13.49 6.77 -7.39 13.69
11.01 9.17 -8.69 11.62
11.46 10.13 -6.16 14.37
3.04 3.24 .35 4.54
3.64 3.39 -2.34 4.49
7.50 6.33 -3.97 9.23
7.24 4.96 -3.95 8.09
8.31 6.98 -5.52 9.57
8.07 7.54 -5.00 10.03
9.80 9.71 -9.28 10.26
7.66 5.68 -1.73 9.71
2.85 3.86 -1.81 4.50
3.64 3.36 -1.75 4.76
5.57 4.55 -4.21 4.96
4,98 6,21 -4.90 6,35
8,03 6,90 -6.06 8.86
9.19 8.44 -7.38 10.22
11.91 9.34 -5.16 14.67
6.77 5.59 -3.92 8.08
2.17 1,71 -.82 2.72
4.13 2,93 -2.27 4.67
5.38 4,41 -4.12 5.72
6.24 6.05 -4.51 7.56
7.09 7,10 -6.55 7.65
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Age Gr. Tr. Pos. SAE SCE
Mean SD Mean
6 6 7.
7 8.
8 5.
7 1 2.
2 4.
3 6.
4 6.
5 7.
6 8.
7 7.
8 6 .
8 1 5.
2 5.
3 5.
4 5.
5 4.
6 6 .
7 7.
8 6.
1 1 3.
2 10.
3 9.
4 11.
5 8.
6 8.
7 9.
3 10.
2 1 7.
6.97 -5.90
7.18 -6,75
3.60 5.16
2.25 .73
2.69 .34
5.04 -.03
3.35 -1.39
3.86 -3.63
6.36 -5.16
6.66 -4.22
6.84 .90
6.76 2.82
2.94 .75
3.25 .88
5.03 -1,54
5.48 -4.00
5.80 -2.55
4.96 -2.40
6.24 3.62
4.28 1.54
14.36 6.70
12.40 5.47
11.37 6.91
7.09 3.45
4.64 2.03
7.34 2.32
7.79 2,89
14.26 5,41
03
21
82
63
21
43
47
28
83
44
17
25
19
91
78
54
02
23
03
63
61
28
71
28
87
31
38
88
SD
TAE
Mean SD
r
Mean
8.04 6.91 6.97 -5 ..79
8.71 7.94 7,31 -6.48
4.59 5.60 3.83 5.60
3.49 4.27 4.78 -.90
5.17 3.96 2.82 .59
8.45 6.35 5.10 -.05
7.46 5,92 3.64 -.72
7.69 6.84 4.16 -3.19
9.87 7.84 5.77 -4.18
9.28 7.24 6.60 -4.02
9,40 7.02 6.73 .05
8.22 5.25 6.76 2.82
6.16 5.19 2.94 .75
6.96 5.85 3.29 .82
7,74 5.84 5.01 -1.48
5.93 4,54 5.48 -4.00
8.16 6.31 5,64 -2.84
8,74 7.10 5.05 -2.26
8.05 5.88 6,33 3.77
5.51 4.70 4.52 -1,36
16.77 9,69 14.47 6,41
14.71 9.13 12.90 6,16
15.11 8.52 9,03 5.93
10.64 8,16 7.33 4.73
10.22 8.30 5,84 1.83
12.39 12.93 10.24 5.99
13,08 10,65 5.97 1.62
15.49 5.01 3,58 3,45
SD
8.03
3.76
3.83
6.49
5.00
8.42
7.19 
7.62 
9.07 
9.16
10.01
8.22
6.15
6.93 
4.79
5.93
8.19 
8.71 
7.91
6.55
16,38
14.72
11.09
10,14
10.34
15.83
12.60
5.25
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Age Gr. Tr. Pos. SAE
Mean SD Mean
2 8.
3 8.
4 7.
5 4.
6 7.
7 6.
8 7.
1 2.
2 3.
3 5.
4 5.
5 6.
6 8.
7 7.
8 5.
1 1.
2 3.
3 6.
4 5.
5 7.
6 5.
7 5.
8 6.
1 1.
2 2.
3 5.
4 4.
5 3.
6 4.
10.49 2.14
5.68 -1.34
7.05 1.79
3.55 6.10
5.14 -1.68
4.01 -.44
3.83 -.36
1.23 -.82
2.37 -2.49
2.90 -2.85
3.55 -3.16
3.06 -2.73
6.35 -4,51
4.47 -.99
3.80 -2.60
1.20 -.53
2.68 -2.34
2.76 -1.75
4.52 -3.30
4.18 -5.96
3.03 -.10
3.18 .86
5.87 4.30
.95 -.23
2.18 -.84
4.15 -2.32
2.56 -1.58
5.23 -3.63
3.59 .21
83
17
33
28
93
37
87
07
22
51
35
97
66
14
72
61
68
37
94
00
42
37
98
50
57
42
91
61
67
SCE TAE TCE
SD Mean SD Mean SD
13.84 8.44 12.01 4.14 14.29
10,22 7.70 4.33 -1.76 9.01
10.29 6.93 3.08 -.28 7.92
5.74 5.31 3.83 -2.43 6.28
9.65 7.13 6.05 -1.34 9.54
7.30 8,11 6.08 -, 64 10.47
9.13 10.03 13.65 4.44 15.62
2.35 3,96 4.44 -.34 6.09
3.20 4.52 3.44 -.47 5.80
5.76 4.76 4.19 -3.92 5.06
5.77 4.34 3.75 -3.45 4.66
7.42 6.94 3.12 -4.11 6.67
10.05 7.42 5.69 ,27 9.67
8.70 6.18 4.55 -3.71 6,91
6.53 6.51 2,94 -4.43 5,85
2.01 3.24 3.83 1.98 4.69
4.01 5.87 4,18 -2.07 7.15
7.02 4.21 2.50 -2.93 4.04
6.61 8.01 6.01 -2.04 10,14
5.96 4.47 3.68 -1.29 5.82
6.47 5.18 3.49 .66 6.44
6.33 5.18 2.96 -3.00 5.35
8.25 6.16 2.98 -.64 7.12
1.83 4.11 3.71 2.60 5.01
3.37 7.04 5.27 .95 9.05
2.62 6.07 3.59 .44 7.32
5.53 7.41 9.12 2.29 11.76
9,75 5.73 3.79 -3.24 6.26
6.09 6.11 4.37 -.53 7.77
292
Age Gr. Tr. Pos. SAE
Mean SD Mean
7 11.
8 9.
1 1.
2 3.
3 3.
4 7.
5 6.
6 6.
7 6.
8 8.
I 5.
2 3.
3 5.
4 4.
5 5.
6 4.
7 5.
8 5.
1 2.
2 5.
3 4.
4 5.
5 4.
6 4.
7 8.
8 7.
1 5.
2 4.
3 3.
8.93 6.83
4.05 1.90
1.57 .74
1.57 -.80
2.43 -.39
6.59 4.50
2.88 -1.68
4.63 -4.05
4.39 -2.70
5.32 5.20
8.83 5.83
2,86 1.79
4.27 -1.79
2.46 -2.30
4.25 -.70
5.08 1,87
6.32 .77
5.41 4.02
2.43 1.45
3.42 .03
3.37 -1.79
5.46 3.19
3.10 -1.20
4.25 -.13
6.99 2.85
5.19 5.37
5.67 4.43
3.44 3.53
1.86 2.25
26
31
84
52
36
30
72
71
37
98
82
44
39
74
69
94
62
37
14
32
45
59
02
99
86
41
09
26
81
SCE TAE TCE
SD Mean SD Mean SD
12799“ 5.52 4.
10.42 6.25 7.
2,37 4.12 3.
3.94 5.66 4.
4.20 6.12 4.
10.13 4.40 2.
7.44 6.82 6.
7.29 5.52 4.
7.50 6.00 4.
9.37 6.16 4.
9.13 7.36 5,
4.21 4.75 3,
6.85 4.53 2.
5.01 5.11 5.
7.31 5.86 4.
7.01 2.67 1.
8.63 3.09 4.
6.58 7.57 8.
2.95 4.97 6.
6.55 4.42 4.
5.47 4.51 5.
7.21 6.21 4.
5.10 7.04 4.
6.76 6.05 4.
11.28 5.61 5,
7.48 4.33 2.
6,20 6.14 5.
4.26 4.79 3.
3.73 3.31 ‘2.
-.82 7.31
-1.38 9.88
.42 5,45
-3.66 6.08
-1.02 8.09
-1.27 5.15
-1.55 9.81
.97 7.28
-4.59 6.29
6.16 4.69
2.33 9.35
.67 5.88
-3.23 4.19
2.72 7.15
3.95 6.65
-.68 3.17
1.91 4.90
1.35 11.93
4.20 6.48
.61 6.24
1.02 7.08
-.19 8.09
3.39 7.93
2.51 7.36
-.79 8.12
-.48 5.19
3.23 7.62
3.56 4.44
2.74 2.92
50
50
33
03
99
61
78
50
80
69
76
16
41
51
84
63
18
98
20
19
35
88
55
53
63
42
26
05
16
Age Gr. Tr. Pos, SAE
Mean SD Mean
11 EPO 1 4  4.
5 8.
6 5.
7 6.
8 9.
2 1 1 .  
2 1.
3 1.
4 4.
5 5.
6 6.
7 6.
8 6.
3 1 1 .
2 1.
3 2.
4 3.
5 3.
6 3.
7 4.
8 5.
4 1 1 .
2 1.
3 1.
4 3.
5 3.
6 3.
7 3.
8 5.
2.95 . 66
5.04 -4,15
4.01 -2.54
6.07 -2.51
9.45 -1.01
.73 .17
1.70 .09
.89 -.76
3.81 -1.86
4.22 -3.45
5.62 -4.71
5.47 -4.31
4.40 1.11
1.45 -.46
1.61 -.52
1.61 -.68
3.05 -1.96
2.17 -.19
2.27 -1.16
3.34 -2.09
11.55 -4.31
1.60 .28
1.33 6.50
1.59 -.72
2.19 -.99
3.27 -.40
2.72 -2.38
2.74 -1.09
4.75 1.38
49
11
94
09
77
05
66
31
15
01
12
84
49
60
97
90
69
09
43
31
71
96
25
87
46
05
88
45
32
SCE TAE TCE
SD Mean SD Mean SD
5.54 3,43 3.01 1.95 4,23
8.90 6.64 4,74 -2,68 7.96
6.94 6.30 6.34 -2.73 3.72
8.43 6.69 4.87 -3.11 7.92
13.94 10.37 3.95 -2.31 13.91
1,32 2,91 2.64 -1.67 5.27
2.44 2.24 3,51 -.48 4.20
1.44 2.62 4.29 -2.05 4.62
5.46 3.03 2.01 -.74 3.69
5.70 5.42 6.15 -3.86 7.34
6.96 4,98 5.22 -3.58 6.37
7.83 4,89 2.83 -2.36 5.32
8.32 6.84 3.81 1.06 8.08
2.17 1.82 1.43 -.68 2.18
2.57 1.60 .94 -.41 1.88
3.38 3.25 2.35 -1.04 4,01
4.49 3.65 2.70 -1.93 4,24
3.91 2.87 2.21 -.71 3.67
3.89 3.64 2.15 -1.14 4.23
5.10 4.31 3.31 -1.84 5.27
12.21 5,55 11.62 -4.13 12,26
2.60 2.22 2.32 -1.11 3.08
1,95 1.54 1.77 -.89 2.21
2.41 2.83 3.13 -1.68 3.95
4.13 3.48 2.00 -.03 4.18
4.57 2,47 2.21 -.80 3.31
4.23 3.12 2.58 -1.62 3.81
4.44 '3.97 3,57 .87 5.42
7.20 4.71 4.26 1.41 6.37
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Ap;e Gr, Tr. Pos. SAE SCE
Mean SD Mean
1 2.
2 2.
3 2.
4 2.
5 3.
6 3.
7 4.
8 2.
1 2.
2 3.
3 3.
4 3.
5 4.
6 4.
7 5.
8 2.
1 1.
2 2.
3 2.
4 5.
5 4.
6 4.
7 5.
8 4.
1 2.
2 2.
3 3.
4 4.
5 5.
1.38 .60
1.04 1.62
1.92 -.74
2.15 -.67
2.23 1.19
2.67 -2.23
4.43 -1.69
2.29 1.73
1.35 .99
2.73 1.92
2.31 .82
2.16 -1.00
3.14 -2.63
1.81 -.47
2.72 -.28
2.78 2.66
1.19 -.10
2.27 .43
2.20 .26
3.08 -.90
3.05 1 62
3.11 1.22
4.13 .05
2.03 2.53
1.01 .43
1.04 1.07
3.48 1.53
2.69 1.43
4.12 2.43
12
36
24
85
44
69
13
99
25
48
44
39
04
12
01
66
26
42
86
08
29
63
59
79
03
25
82
17
82
SD
TAE
Mean SD
TCE
Mean SD
2.54 2,12 1.38 .60 2.54
2.08 2.36 1.04 1,62 2.08
2.95 2,24 1,92 -.74 2,95
3.62 2.84 2.15 -.67 3.62
4.08 3.44 2.23 1.19 4.08
4,05 3.69 2.61 -2.23 4.05
5.95 4.13 4.43 -1.69 5.95
3.44 2.99 2,29 1.73 3.44
2.52 2.25 1.35 .99 2.52
4.10 3.48 2.73 1.92 4.10
4.22 3.44 2.31 .82 4.22
4.04 3,39 2.16 -1.00 4.04
4.50 4,04 3.14 -2.63 4.50
4.68 4.12 1.81 -.47 4.68
5.94 5.01 2,12 -.28 5.94
2,78 2.66 2.77 2.66 2.77
1.73 1.41 1.55 -.26 2.14
3.30 2,42 2.27 .43 3.38
3.72 2.70 2.08 .41 3.50
6.11 5,08 3.08 -.90 6.11
5.18 4,29 3.05 1.62 5.18
5.64 4.63 3.11 1.22 5.64
7.26 5.69 4.13 .05 7.20
4.74 4.79 2.03 2.53 4.74
2.32 2.03 1.01 .43 2.32
2.34 2.25 1.04 1.07 2.34
5.07 3,82 3.48 1.53 5.07
4.93 4.17 2.89 1.43 4.93
6.93 5.82 4.12 2.43 6.93
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11
Gnr. Tr. Pos. SAE
Mean SD Mean
EPO 8 6 5.21 4.24 2.60
7 5.02 4.59 3.43
8 4.55 4.66 4.55
1 1.70 1.69 .25
2 3.83 4.64 2.53
3 4.56 3.90 .'51
4 5.59 3.34 -.79
5 6.62 3.39 -2.50
6 8.01 5.20 -6.01
7 10.11 6.19 -3.51
8 8.48 8.26 -7.17
1 4.86 6.44 3.04
2 3.25 2.30 .82
3 4.04 2.20 -1.01
4 5.62 3.36 -3.82
5 5.41 3.87 -4.31
6 7.54 6.74 -1.77
7 10.15 6.57 -8.29
8 9.27 5.56 -3.19
1 2.79 1.42 .67
2 3.67 4.08 .93
3 2.63 2.27 -.87
4 5.04 3.32 -5,04
5 4.55 3.46 -4.21
6 6.09 5.42 -5.58
7 5.84 5.17 -3.46
8 7.27 5.87 -.37
1 3.35 2.11 .42
SCE TAE XCE
SD Mean SD Mean SD
6.37 5.21 4.24 2.60 6.37
6.00 5.02 4.59 3,43 6.00
4.66 4.55 4.66 4.55 4.66
2,45 1.91 1.92 -.47 2.74
5,55 5,04 5,89 -.83 7.89
6.17 5.64 5.98 -.98 8,37
6.72 6.28 4.91 -.34 8.24
7.30 9,02 7,43 -3.71 11.41
7.63 6.15 3.97 -4.64 5.81
.1.76 7.26 4,98 -4.21 7,98
9.62 7.57 5,12 -1.39 9.37
7.58 6.77 5,69 1.71 9,62
4.04 3.55 2,03 1.00 4.12
4.67 4.85 3,64 -.92 6.20
5.49 4.55 4.73 -2.75 6.08
5.19 5.84 4,66 -3.96 6,49
.0.26 6,41 6.05 -.84 9.03
9.00 8.22 4.56 -6.67 7.21
.0.73 9.65 6.99 -6.11 10.53
3.19 3.77 2,04 .72 4.40
5.51 4.80 4.80 -.92 6,37
3.47 3,43 4.65 -1.99 5,50
3.32 3.97 3.71 -3,70 4.00
3.91 4.19 3.94 -3.87 4.29
6.00 4.31 4.03 6.02 6.70
7.17 7.35 6.70 -.94 10.20
9.65 3.20 2,22 -.25 4.03
4.09 3,20 2.20 -.25 4.03
Age Gr. Tr. Pos, SAE
Mean SD Mean
2 3.
3 3.
4 5.
5 5.
6 5.
7 7.
8 7.
1 2.
2 3.
3 3.
4 4.
5 5.
6 6.
7 8.
8 6.
1 2.
2 3.
3 4.
4 4.
5 5.
6 7.
7 7.
8 5.
1 1.
2 3.
3 4.
4 5.
5 6.
6 6.
2.26 -1.27
2.76 -2.31
3.37 -3.97
4.62 -4,78
6.79 -4.53
7.81 -6.70
9.03 -2.92
2.10 -.22
2.64 -.02
2.56 -2.01
3.55 -3.71
4.48 -3.26
5.71 -4.52
5.27 -4.05
3.88 -1.94
.89 -. 46
1.71 -.95
2.94 -1.83
3.14 -3.27
2.84 -4.65
6.03 -5.97
7.67 -5.79
4.99 4.79
.73 .70
3.44 1.44
6.70 1.76
3.47 -3.43
3.77 -1.88
5.58 -3.52
25
44
37
16
68
79
35
56
01
39
80
67
44
12
30
25
00
21
49
79
21
30
71
48
74
75
37
18
28
TAE TCE
SD Mean SD Mean SD
3.88 4,05 2.75 -2.53 4.32
3.85 4.11 3,11 -2.98 4.30
5.09 6,02 4.12 -4,61 5.79
5.05 4.52 3.80 -4.14 4.25
7.69 5.10 6.81 -3.86 7.60
8.80 6.99 8.07 -5.44 9.30
11.49 7.50 8.92 -2.24 11.68
3.41 2,50 1.93 * -.35 3.25
4.13 4.08 3.30 .29 5:42
3.85 3,17 2,38 -1.96 3.54
4.78 5.42 3.45 -3.08 5.83
6.72 5.14 4,60 -3.89 5.81
7.48 6.65 5.65 -4.57 7.61
9.01 7,04 5.79 -4,37 8.21
7.42 6.36 3.91 -1.81 7.52
2.49 2.66 .93 -.97 2.78
3.45 2.72 1.66 -.67 3.23
4.96 4,64 2.76 -2.26 5.08
4.52 4.19 2.86 -2.97 4.23
4.62 6.09 2.94 -4.94 4.76
7.38 6.78 6.31 -5.54 7.54
8.99 7.59 7.49 -6.07 8.89
5.98 5.30 5.26 5.30 5.26
1.56 1.47 1.00 .49 1; 77
5.00 3.86 3.56 1.31 5,23
8.15 4.84 6.85 1.72 8.34
5,56 5.45 3,38 -3.51 5.54
7,25 6,10 3,86 -1,80 7,26
7.82 6,19 5.42 -3.48 7.65
Age Gr. Tr. Pos. SAE SCE TAE TCE
Mean SD Mean SD Mean SD Mean SD
7 7 5.93 5.94 -5.03
8 7.37 6.25 -1,39
8 1 1.40 1.21 . 46
2 3.97 3.20 .55
3 5.07 3.56 -.79
4 5.90 2.11 -3.43
5 5.89 3.52 -3.86
6 6.93 5.93 -2.70
7 7.14 5.92 -3.78
8 4.32 3.69 .15
1 1 2.72 2.75 -.36
2 3.10 2.59 .62
3 4.94 2.42 .00
4 7.39 3.30 -5.94
5 8.79 6.04 -8,79
6 6.88 5.08 -6.49
7 6.56 4.85 -5,75
8 9.36 9.24 -5.18
2 1 3.40 5.03 1.38
2 3.80 2.67 -.92
3 5.81 2.98 -.18
4 4.92 4.33 -4.92
5 6.64 2.36 -4.39
6 9.03 4.33 -7.39
7 10.65 5.98 -9.69
8 9.58 7.56 -9.40
3 1 3.94 5.68 2.15
2 1.35 .81 -.35
.79 5.80 5.91 -4.91 6.75
.86 7.37 6.20 -1.18 9.87
.84 1.41 1,29 .03 1.97
.24 4.51 3.05 .01 5.65
.37 5.27 3.61 -.71 6.59
.49 5.94 2.09 -3.46 5.50
.86 5.85 3.53 -3.82 5.85
.04 6.78 6.01 -2.97 8.86
.71 6,60 6,25 -3.24 8.71
.86 4.31 3.67 .59 5.81
.95 4.95 3,38 -2.04 5.84
.12 2.24 1.71 -1.41 2.5-
.74 3,91 ■ 3.00 -3.41 3.61
.69 5.65 4,58 -2,76 6.93
.04 6.85 3.78 -4,15 6.88
.65 9.85 4.61 -6.30 9.21
.88 7,11 4.92 -4.76 7.43
.36 9,18 9,67 -7.02 11.50
.00 4.67 4.76 -3.55 5.74
.71 5.02 5.43 .40 7.57
.81 7,25 4.68 -7,25 4.68
.33 5.74 5.53 -5.68 5.60
.75 5,20 3.83 -2.62 6,06
.98 8.31 5,28 -6.48 7.62
.58 9,74 7.10 -5.55 11,03
,80 7.90 3.41 -4.74 7.48
. 66 3,50 3,73 -1.87 4.87
.60 6,15 5.86 -2.84 8.22
6
9
1
5
6
5
5
9
8
5
3
4
5
5
6
5
5
12
6
4
6
4
5
6
7
7
6
1
298
Age Gr." Tr. Pos. SAE SCE TAE TCE
Mean SD Mean SD Mean SD Mean SD
3 3.38 2.19 -2.03 3.59 4.76 5.14 -3.84 5.94
4 6.38 3.43 -2.80 6.94 6.89 4.94 -4.81 7.17
5 8.50 5.29 -4.46 9.29 5.01 3.39 -2.34 5.78
6 7.43 4.41 -7.12 4.95 5.74 3.57 -3.77 5.79
7 7.03 3.20 -4.92 6.18 6.71 5.55 -2.81 8.49
8 7.30 6.24 -5.04 8.37 6.55 5.39 -2.28 8.42
1 1.66 1.01 .26 2.00 2.45 3.36 .29 4.23
2 4.50 6.59 3.19 7.40 4.40 3.37 .13 5.74
3 2.99 2.72 -2.93 2.80 7.41 4.95 2.02 9.00
4 5.00 3.88 -3.18 5.63 4.28 4.57 -3.66 5.14
5 7.06 4.21 -3.91 7.49 6.20 4.03 -4.60 5.95
6 9.28 3.57 -7.68 6.55 6.50 5.71 -5.69 6.60
7 7.38 4.84 -4.80 7.64 6.04 4.45 -4.74 5.95
8 4.61 3.20 1.78 5.51 5.20 4.80 -1.03 7.21
1 1.18 1.39 .13 1.87 3.78 4.83 .92 6.19
2 2.63 1.57 -1.52 2.75 4.08 5.50 -2.10 6.19
3 3.32 2.64 -1.93 3.88 3.40 2.24 -1.40 3.96
4 6.71 3.58 -6.71 3.58 3.68 2.77 -2.69 3.83
5 5.49 5.09 -4.56 6.02 6.34 5.00 -5.36 6.15
6 8.55 6.12 -8.47 6.24 8.98 8.00 -8.78 8.23
7 11.72 7.07 -8.98 10.63 8.33 5.50 .-7.51 6.70
8 5.52 4.10 -.50 7.09 6.53 4.51 -5.62 5.71
1 2.04 3.52 1.21 3.92 3.87 3.21 -2.54 4.44
2 3.51 3.07 .23 4.80 2.90 1.93 -.76 3.52
3 2.27 2.00 -.86 2.99 4.82 5.55 -2.53 7.04
4 4.31 2.96 -.85 5.35 3.77 3.52 -1.74 4.98
5 6.24 1.90 -2,92 6.12 6.45 3.02 -2.24 7.05
6 5.21 2.80 -2.93 5.33 4.65 2,96 -3.11 4.70
7 6.78 4.41 -5.45 6.12 5.63 3.34 -1.99 6.48
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Age Gr. Tr. Pos. SAE SCE
Mean SD Mean
IX SO 6 
7
8
19 EPO 1
8 6.01 3.53 .92
1 2.35 2.80 1,71
2 5,19 4.17 2,63
3 2.96 2.47 -1.95
4 5,09 4.06 -3,45
5 4.20 3.90 -1.03
6 6.40 3.32 -3.39
7 5.99 3.28 -1,73
8 4.73 4.21 -.21
1 2.42 4.52 .95
2 2.49 1.69 .15
3 3.83 2.52 -1.54
4 6.00 3.23 .34
5 4.93 3,18 -4,16
6 6.85 4,63 -2.56
7 6.63 6.18 -2.53
8 4.91 5.36 -.23
1 3.62 1.87 2.78
2 5,30 2.63 3.06
3 4.70 2.75 1.53
4 3.13 2.47 .86
5 2.62 2.19 .69
6 2.51 2.11 -.84
7 4.06 2.51 -1.50
8 4.15 4.07 -.74
1 1.78 1.60 1.66
2 3.42 2.76 ,84
3 2.50 1.89 -.72
TAE TCE
SD Mean SD Mean SD
7.18 4.29 2.73 4.29 2.73
3.2-3 4.81 3.12 .50 5.93
6.30 3,66 3.41 -.52 5.12
3.40 3.54 3.82 .14 5.34
5.66 3,12 3,64 -.81 4.83
5.80 4.72 4.00 -3.42 5.28
6.56 5.04 3.55 -.45 6.38
6.88 4.80 3.38 -2.62 5,42
6.53 7.21 4.00 -.33 8.58
5.09 2.72 2.72 -.69 3.88
3,12 4.39 5,18 1.95 6,63
4,47 4.68 2,89 ,95 5.63
7.10 4.34 3,00 -2.03 5.03
3.67 4.60 5.47 -3.53 6.29
8.14 4.85 3.24 -2.33 5.53
8.95 6,78 4.87 -.69 8.62
7 ,‘45 5.72 5.96 -3.66 7,55
3.08 4.34 3.29 3.71 4.05
5.26 4.85 2.41 4.30 3.38
5.43 3.95 2.57 2.58 4.07
4.02 3.03 1.82 1.25 3.43
3.45 2.72 2.77 .30 3.98
3.26 3,41 2.73 -1.41 4,26
4.71 4.44' 2.95 -2.51 4.86
5.93 3,35 2.99 -2.35 3.91
1.74 2.16 1.78 2.04 1.93
4.46 3.48 2.75 .90 4.49
3.15 2.71 1,74 -.51 3.30 g
Age Gr. Tr. Pos. SAE
Mean SD Mean
4 4.
5 4.
6 4.
7 5.
8 6.
1 2.
2 3.
3 3.
4 3.
5 3.
6 4.
7 3.
8 3.
1 1.
2 3.
3 2.
4 3.
5 3.
6 2.
7 4.
8 3.
1 2.
2 2.
3 3.
4 3.
5 4.
6 4.
7 3.
8 4.
3.51 -1.84
3.71 -2.58
4.88 -2.58
5.25 -4.49
5.86 -4.29
2.05 1.66
2.03 1.62
2.67 .53
3.58 -.23
3.54 -.02
3.05 .51
3.11 -.91
2.54 -1.73
1.03 .61
.42 1.21
2.31 .55
2.28 -.84
2.68 .35
2.11 -.61
3.81 -2.13
4.00 -.14
1.45 .93
1.46 1.04
1.84 .65
2.08 -.29
2.49 -.69
3.03 -1.25
4.10 -2.23
3.63 -1.17
62
21
86
70
36
38
34
29
80
28
43
21
24
90
37
86
06
48
83
71
98
05
20
26
82
23
17
71
00
TAE TCE
SD Mean SD Mean SD
5,68 4.50 3.
5.11 4.33 3.
6.40 4.64 5.
6.42 5.64 5.
7.67 5.98 6.
2.73 2.38 2.
3.69 3.34 2.
4.35 3.29 2.
5.37 3.80 3.
4,95 3.28 3.
5.55 4.43 3.
4.50 3.21 3.
3.85 3.24 2.
2.15 1.90 1.
4.09 3.36 2.
3.76 2.86 2.
3.85 3.06 2.
4.53 3.48 2.
3,60 2.83 2.
5.84 4.71 3.
5.79 3.98 4:
2.41 2.10 i.
2.51 2.01 l.
3.84 2,92 2.
4.53 4,02 1.
5.06 4.03 2.
5,17 4.51 2.
5.16 3.90 4.
5,43 3.96 3.
-1.95 5.60
-2.47 5.21
-3.07 6.24
-4.55 6.34
-4,67 7.26
1.66 2.73
1.62 3.69
.53 4.35
-.23 5.37
-.02 4.95
.51 5.55
-.91 4.50
-1.73 3.85
,61 2.15
1.21 4.09
.55 3.76
-.84 3.85
.35 4,53
-.61 3.60
-2.13 5,84
-.14 5.79
.98 2,42
.85 2.39
.30 3.69
-.49 4.56
-.41 5.04
-.91 5.46
-2.04 5.34
-1.22 5,41
62
61
04
28
11
05
03
67
58
54
05
11
54
03
42
31
28
68
11
81
00
43
42
05
75
75
72
03
66
Age Gr. Tr. Pos. SAE
Mean SD Mean
19 EPO 6 1 2.
2 2 .
3 3.
4 2.
5 4.
6 4.
7 3.
8 4.
7 1 1 .
2 1.
3 3.
4 3.
5 2.
6 2 .
7 2.
8 3.
8 1 1 .  
2 2 .
3 2.
4 3.
5 4.
6 4.
7 3.
3 2.
TO 1 1 3.
2 2 .
3 3,
4 3.
5 3.
1.67 .62
1.78 .59
2.55 -1.58
1.99 -2.07
3.51 -1.99
4.00 -4.07
2.39 -3.43
4.04 4.22
1.00 .73
1.33 .36
2.69 -1.69
2.17 -2.00
3.02 -2.15
1.85 -1.35
1.90 -.87
3.31 -1.55
.94 .65
1.97 .89
1.32 -1.02
1.91 -2.43
2.65 -3.49
3.59 -4.07
3.31 -2.08
3.82 -1.01
4.38 1.71
1.81 .84
3.94 -1.64
2.10 -.74
2.78 -3.14
25
69
63
67
17
91
51
22
29
88
10
06
52
92
84
82
75
45
43
67
24
95
47
81
38
89
91
64
42
SD
TAE
Mean SD
TCE
Mean SD
2.83 2.42 2.14 .78 3.22
3.29 2.14 1.63 .04 2.78
4.29 4.16 2.51 -1.04 4.94
2.66 3.18 2.01 -1.56 3.55
5.22 3.12 2.77 -3.04 2.87
4.94 5.77 4.28 -3,20 6.63
2.52 3.73 2.12 -3.20 2.92
4.04 3.52 3.91 3.52 3.91
1.50 1.47 .94 .96 1.51
2.36 2.13 1.32 .12 2.60
3.85 3.21 2.78 -1.80 3.95
3,27 2.77 1.66 -1.71 2,84
3,32 2.81 3.35 -2,44 3.66
3.34 2.86 3,20 2.63 2,00
3.45 2.63 2.00 -.63 3.35
4,95 3.64 3,46 -1,78 4.82
1.95 1,60 1.01 .80 1.78
3.11 2.48 1.97 ,86 3.14
2.67 2.57 1.56 -1,16 2.88
3.48 3,82 2.18 -2.57 3.69
3.66 4.09 2,46 -3.35 3.50
4.66 4.80 3,60 -3.93 4,63
4.42 3.44 3.32 -2.05 4.42
4.72 2.96 3.75 -1.17 4.72
5.35 4.15 5.11 2.04 6.38
3.43 3.25 1.92 -.29 3.92
5.44 3.46 2.18 .88 4.15
4.30 3.31 1.85 -1.80 3.46
3.12 4.51 3.27 -3.17 4.70
Age Gr. Tr. Pos. SAE
Mean SD Mean
6 6.
7 5.
8 5.
1 2.
2 2.
3 4.
4 4.
5 4.
6 4.
7 4.
8 5.
1 2.
2 2.
3 2.
4 3.
5 3.
6 4.
7 5.
8 4.
1 1.
2 1.
3 2.
4 3.
5 3.
6 4.
7 4.
8 3.
3.68 -5.02
4.48 -4.30
3.37 .42
2.90 .95
2.34 -.23
2.77 -.41
3.33 -1.71
3.86 -1.55
3.24 -2.16
4.45 -2.00
4.51 -1.22
1.77 .86
1.94 .44
1.51 -.44
2.66 -2.14
3.12 -1,85
2.69 -3.09
3.43 -3.81
3.05 -2,95
1.46 .22
1.74 -.77
1.81 -1.50
3.68 -3.19
3.36 -3.20
3.21 -3.44
3.35 -1.79
2.47 -.61
50
52
81
79
62
09
90
22
15
33
35
34
18
84
16
58
22
01
56
55
69
14
58
76
69
48
52
SD
TAE
Mean SD
TCE
Mean SD
5.71 4.82 3,86 -3,51 5.20
5.78 7.58 5.01 -4,47 8.12
6.98 4.00 2.28 -1.53 4.51
4.01 4.78 4.96 1.38 6.92
3.61 3.39 2.63 -.68 4.38
5.11 4.11 2.83 -1,36 4.97
5.87 3.94 3.11 -.70 5.14
5.66 4,45 3.96 -.98 6.05
4.94 3.77 2.78 -1.92 4.41
6.01 4.86 4.64 -2.21 6.51
7.10 3.12 2.81 -1.88 2.85
2.90 2,45 2.34 .65 3.42
2.97 2.12 2.24 -.17 3.16
3.23 3.27 3.26 -1.06 4,61
3.61 3.35 2,74 -2,06 3.91
4.50 3.38 3.12 -1.92 4.28
4.05 4.33 2.34 -3.01 4.03
4.85 4.80 2.18 -2.98 4.52
4.76 4,21 2.72 -2.42 4.54
2.18 1.31 .84 -.01 1.62
2.36 1.36 1.26 -.72 1.75
2.42 2.22 2.05 -1.70 2.55
4.06 3.57 3,25 -2.82 3.98
3.96 3.58 3,47 -3,38 3.68
4.65 4.95 3.44 -3.57 4.98
5.47 4,48 3.21 . -1.51 5,49
4.41 3.95 2.55 -.55 4,85
Age Gr. Tr. Pos. SAE
Mean SD Mean
1 1.
2 1.
3 2.
4 3.
5 4.
6 4.
7 4.
8 4.
1 1.
2 2.
3 5.
4 5.
5 6.
6 7.
7 7.
8 7.
1 1.
2 2.
3 2.
4 3.
5 4,
6 5.
7 5.
8 3.
1 1.
2 2.
3 2.
4 2.
5 3.
1.39 -.49
1.76 -1.28
2.18 -1.94
2.97 -3.62
3.43 -4,29
2.59 -3.94
3.05 -4.67
3.29 -4,41
1.23 -.19
1.56 -.72
•4.22 -1,04
2.64 -2.83
3.92 -3,64
4.65 -4,79
4.92 -5.27
4.51 7.73
1.34 1.27
1.52 .94
1.70 -1.67
2.39 -1.58
2.46 -2.58
2.88 -3,23
2.57 -2.17
2.40 -.92
1.22 .14
.85 -.10
1.62 -1.99
1.61 -1.96
2.18 -2.64
51
66
66
68
86
68
88
83
86
45
38
70
68
76
70
43
81
29
70
50
85
64
14
32
66
52
41
81
21
TAE TCE
SD Mean SD Mean SD
2.12 1.59 1.
2.08 1.66 1,
2.90 2.66 2.
3.04 2.90 2.
4.19 4.15 2.
3.71 4.68 2.
3.40 5.59 3.
3.88 5.61 3.
2.30 2.83 3.
2,91 3,20 2.
6.99 5.21 3.
5.85 5.99 3.
7,09 6,40 3.
7,94 7.93 4.
7.70 6.95 5.
4.51 6.46 4.
1.91 2,24 1.
2.68 3,01 1.
2.86 3,53 3.
4.07 3.65 2.
4.98 4.69 2.
5.66 4.81 2.
5.54 4.42 3.
4.13 2.89 2.
2.13 2.83 3.
2.78 2.97 1.
2.17. 3.90 3.
2.67 2.95 1.
2.90 3.07 1.
-.49 2.12
-1.28 2.08
-1,94 2.08
-2.65 2.76
3.58 3.59
-3.94 3.71
-5.38 3.80
-5.38 3.60
.78 4.15
.02 4.51
-1.22 6.57
-2.55 6.54
-3.92 6.40
-4.62 2.37
-6.03 6.20
6.46 4.78
.78 2.61
1.38 3.31
-1.71 4.55
-2.35 3.76
-1.80 5,25
-3.19 4.44
-2.61 4.84
-.43 3.97
-.07 4.28
. 34 3.59
-1.69 4.80
-2.32 2.74
-2.29 2.88
39
76
18
47
83
58
45
18
00
99
83
19
55
88
02
78
39
73
17
32
58
29
05
58
07
80
06
96
90
304
Age Gr. Tr. Pos. SAE
Mean SD Mean
19 TO S 
SO 1
2
6 4.08 3.70
7 3.47 2.79
8 2.89 3.17
1 3.37 1.71
2 5.38 4.00
3 7.36 4.69
4 2.51 1.49
5 4.25 3.04
6 5.24 3.73
7 6.93 6.01
8 5.79 4.33
1 2.54 1.82
2 2.59 1.68
3 3.21 2.10
4 3.48 2.42
5 3.88 4.19
6 4.56 4.40
7 5.41 4.67
8 4.94 4.28
1 2.37 1.05
2 3.18 2.31
3 2.61 1.94
4 3.84 3.51
5 3.65 2.32
6 3.75 3.17
7 5.03 3.70
8 4.48 3.60
-2.17
- 1.66
.18
3.37
4.72
2.84
.92
.49
.90
-.47
.30
2,18
1.51
.09
.14
-1.80
-2.57
-3.64
-2.30
1.11
-.57
-1.03
-.20
-1.18
-2.35
- 2.88
-2.09
SD
TAE
Mean SD
TCE
Mean SD
5.20 2.60 2.76 -2.47 2.88
4,25 3.02 2.41 -2.11 3.31
4.39 1.72 1.51 .41 2.32
1.71 3.99 3.30 3.98 3732
4.84 4.77 3.28 2.28 5.50
8.56 6.73 4.92 2.88 8.08
2.88 4.18 3.67 2.29 5.21
5.39 5.03 4.70 -.30 7.08
6.60 6,04 4,47 -1.12 7.69
9.45 5.33 4.39 3,87 5.85
7.48 4.77 3.93 -.78 6.33
2.29 2.85 1.71 2.07 2.68
2.78 2.57 1.62 2.07 2.29
3.98 4.35 3,71 -1.05 5.80
4.40 4,07 3.74 -.44 5.68
5.54 2.84 3.07 -.71 4.22
5.93 4,28 4.60 -2.35 5,95
6.30 4.30 3.61 -2,52 5.15
6.29 5.35 4.26 -3.44 6.06
2.76 2.91 2.08 2.91 2.08
4.03 3.97 3.96 -.34 5.75
3.19 3.16 3.58 -1.60 4.59
5.35 3.19 1.84 .23 3.82
4.32 3.85 2.68 -2,26 4.24
4.42 4.24 2.79 -2.93 4.29
5,70 4.25 2.93 -2.48 4.67
5.52 3.33 3.24 -2.84 3.72
Age Gr. Tr. Pos. SAE SCE
Mean SD Mean
1 1.
2 1.
3 2.
4 3.
5 2.
6 3,
7 3.
8 3.
1 1.
2 1.
3 1.
4 2.
5 4.
6 4.
7 5.
8 4.
1 1.
2 2.
3 2.
4 3.
5 3.
6 4.
7 4.
8 5.
1 1,
2 2.
3 2.
4 4.
5 4.
6 4.
.98 .33
.92 .42
1.57 -.37
2.26 -.71
3.41 -1.19
7.47 -1.33
2.48 -1.76
2.81 -.65
.92 .65
1.16 -.28
1,12 -.79
2.17 -2,08
1.76 -2.46
2.80 -3.04
2.37 -3,20
2.79 .10
1.02 .76
1.62 .85
1.38 .47
2.34 .40
2.50 -1,01
3.42 -.03
4.03 -4.04
2.89 1,51
.64 .81
2.47 1.94
2,04 1,17
2.70 -.45
3.28 -1,11
3.33 -1,67
54
21
08
16
90
50
07
67
29
37
93
98
25
16
56
91
46
44
36
53
84
22
95
16
53
95
51
30
51
69
TAE TCE
SD Mean SD Mean SD
1.68 1,54 1.
1.51 2.03 1,
2.67 2.45 2,
3,95 2.65 1.
4.40 2,98 3.
4.17 2.96 2.
3.63 3,28 2.
4.73 3.24 2.
1.49 2,87 2,
1,84 2,31 1.
2,17 1,98 1.
3,12 3.06 2.
4.06 4,32 2,
4.10 3.93 2.
5,35 4,68 2,
5.88 3.32 2,
1,67 2.63 2.
2.90 3,68 3.
2.80 1,95 1.
4.38 3,64 2.
4.64 3,12 2,
5.61 4.04 2,
5.03 3.88 3.
5,95 5.03 2,
1.51 1,58 1,
3.40 3,78 2,
3.10 2,93 2.
5.26 2,83 2.
5,66 3.86 2.
5,70 3.84 3.
.83 1,80
.89 2.27
.17 3.26
-1,04 3.21
-.51 4.66
-1,58 3.56
-1.54 4.06
-1.99 3.94
.69 4.10
.14 3.09
-.58 2.40
-.44 3.99
-3.56 3.78
-2.42 4.39
-3.05 4.49
-1,86 3,64
-1.42 3.46
-1.07 5.07
.48 2.54
-T31 4.46
-1.16 3.99
-.79 5,06
-1.83 4,88
5.03 2.89
.54 1,86
1.11 4.51
.69 3,92
.59 4.11
-1.01 4,80
-.82 5.29
17
22
16
92
49
39
68
86
87
90
33
38
77
94
49
20
56
45
58
29
57
85
29
89
00
43
52
89
77
52
Age Gr. Tr. Pos. SAE SCE
Mean SD Mean SD
7 4.75 2.58 -3.24 4.48
8 2.57 2.98 -.21 4.02
1 1.32 .67 -.15 1.54
2 1.51 .90 -.46 1.77
3 2.07 1.57 -1.82 1.90
4 2.71 1.51 -2.34 2,08
5 3.35 3.00 -2,31 3.94
6 4.69 2.93 -3.60 4.31
7 3.05 2.29 -2.23 3.14
8 2.73 2.73 .21 3.16
TAE
Mean SD
TCE
Mean SD
4.68 2,48 -2,61 4.78
4.33 3.44 -1.26 5.56
1.46 1.03 -.47 1.79
2.16 2.22 -1.40 2.81
2,36 1.53 -2.09 1.91
2,15 1.32 -1,29 2.24
2.16 1.43 -1.50 2.18
3.40 2.05 -2.29 3.35
3.72 2.82 -2.33 4.16
3.99 3.84 -1.32 5.52
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Table D,2
4 x 2 x 3 x 8 x 3  ANOVA for Spatial AE and CE
with Repeated Measures on Trials and Positions
AE AE CE CE
Source ^  MS F MS F
Age (A) 3
Group (G) 2
Sex (S) 1
A x G 6
A x S 3
G x S 2
A x G x S 6
Subj (A x G x S) 96
Trial (T) 7
A x T 21
G x T 14
S x T 7
A x G x T 42
A x S x T 21
G x S x T 14
A x G x S x T 42
Subj (A x G xS) :x T 672
Position (P) 7
A x P 21
G x P ' 14
S x P 7
A x G x P 42
A x S x P 21
G x S x P 14
A x G x S x P 42
Subj (A x G x S) x P 672
T x P 49
A x T x P 147
G x T x P 98
S x T x P 49
A x G x T x P 294
A x S x T x P 147
G x S x T x P 98
A x G x S x T x P 294
Subj (A x G x S) x P x T 4704
26367..12 71. 25* 3233,,09 1..85
49..03 .13 563,,20 .32
128.,73 35 1401,,18 .80
541,,29 14,'64 1752.,00 1.,00
718..40 1. 94 3082.,99 1..76
575..05 1. 55 3333.,59 1.,91
224,.10 61 2606,.16 1..49
370,.04 21. 17* 1743.,25 58..79*
341,,70 8. 64* 430..73 4.,86*
81..36 2. 05* 235.,34 2..65*
23,,00 *58 88,,37 1.,00
9,,87 *25 71..10 ,80
38,, 43 •97 126. 25 l!,43
17.,47 45 172. 38 1.,95
59,.06 1. 49 73..84 .83
39.,49 1. 00 100.,84 1,.14
39.,54 2. 25* 88,.53 2..98*
4034,,32 46. 09* 9616.,07 92.. 43*
681.,57 7. 78 2910.,29 27.,97*
30..60 35 139.,08 1,,33
65,,57 75 799.,11 7..68*
49..26 56 175.,03 1,.68*
248,,95 2. 84 211.,33 2..03*
109.,78 1. 25 35.,50 .34
95.,94 1. 09 104.,03 3..51*
87,,53 4. 98* 84..86 2..86*
35.,92 2. 04* 166.,35 5,,61*
21..51 1. 22* 50..89 1., 71*
16..38 93 54. 73 1.,84*
18,,32 1. 04 23..69 ,80
14.,50 82 33.,11 1.,12
25.,58 1. 45* 24.,92 ,04
17,,29 ,98 37.,04 l!.24
15.,35 90 23.,24 ,82
17..55 29.,65
L""'£~«05
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Table D-3
4 x 2 x 3 x 8 x 8 ANOVA for Temporal AE anc CE
with Repeated Measures on Trials and Positions
(effects different from Spatial error)
Source df AEMS
AE
F
CE
MS
CE
F
Position (P) 7 1138.33 15.97* 2306.01 22.54*
Age (A) x P 21 46.85 .66 177.35 1.73
Group (G) x P 14 127.93 1.79* 336.05 3.29*
Sex (S) x P 7 21.43 .30 297.98 2.91*
A x G x P 42 42.30 .59 219.37 2.14*
A x S x P 21 98.43 1.38* 8.91 .09
G x S x P 14 90.31 1.26 158.22 1.54
A x G x S x P 42 102,94 1.44 51.65 .50
Subj (A x G x S) x P 672 71.24 2.76* 102.28 2.19*
Trial (T) x P 49 23.26 .90 247.12 5.13*
A x T x P 147 27.13 1:05 50.17 1.08
G x T x P 98 23.29 .90 54.40 1.17
S x T x P 49 24.16 .93 37.19 .80
A x G x T x P 294 23.14 .97 44.11 .95
A x S x T x P 147 24.90 .96 45.28 .97
G x S x T x P 98 32.37 1.25 48.63 1.04
A x G x S x T x P 294 26.58 1.03 49.87 1.07
Subj (A x G x S) x P x T4704 25.77 46,53
E * -05
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Table D-4
4 x 2 x 3 x 8 x 4  ANOVA for Spatial AE and CE with
Repeated Measures on Trials and Positions for Transfer
AE AE CE CE
Source df MS F MS F
Age (A) 3 22485.28 64.53* 1905745 1,40
Group (G) 2 61.25 .18 1436.74 1.06
Sex (S) 1 99.64 .29 15.06 .01
A x G 6 228.98 .66 470.81 .35
A x S 3 160.24 .46 289.76 .21
G x S 2 106.44 .31 2547.07 1,87
A x G x S 6 105.80 .30 2976.37 2.19
Subj (A x G x S) 96 348.45 19.96* 1358.58 44.21*
Trial (T) 3 8.81 .19 71.15 .76
A x T 9 18.59 .39 67.42 .72
G x T 6 21.54 .45 197.11 2.11
S x T 3 2.84 .06 60,36 .64
A x G x T 18 30.88 .65 82.05 .88
A x S x T 9 25.52 . 54 70.88 .76
G x S x T 6 38.67 .82 172.69 1.85
A x G x S x T 18 19.83 .42 90.80 .97
Subj (A x G x S) x T 288 47.17 2.70* 93.58 3.05*
Position (P) 7 1975.66 37.47* 1603.74 23.53*
A x P 21 348.82 6.62* 248.93 36.62*
G x P 14 22.20 .42 143.75 2.11*
S x P 7 27.96 .53 87.89 1.29
A x G x P 42 30.20 .57 85.11 1.26
A x S x P 21 55.50 1.02 130.36 1.92
G x S x P 14 90,54 1.72* 108.50 1.60
A x G x S x P 42 72.51 1.38 44.64 .67
Subj (A x G x S) x P 672 52.72 3.02* 67.99' 2.21*
T x P 21 18.80 1.08 33.51 1.09
A x T x P 63 20,76 1.19 33.99 1.11
G x T x P 42 14.76 ,85 37.25 1.21
S x T x P 21 20.02 1.15 24,54 ,80
A x G x T x P 126 20.31 1.16 36.61 1.19
A x S x T x P 63 22.43 1,28 26.24 .85
G x S x T x P 42 ‘23.59 1,35 23.89 .84
A x G x S x T x P 126 25.37 1.45* 23.91 .77*
Subj (A x G x S) x P x T 2016 17.45 30,72
£ 4 .05
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Table D-5
4 x ' 2 x 3 x 8 x 4  AITOVA for Temporal AE and CE with 
with Repeated Measures on Trials and Positions for Transfer 
(effects different from Spatial error)
AE AE CE CE
Source df MS F MS F
Position (P) 7 229.04 8,46* 287.42 3.55*
Age (A) x P 21 42.28 1.56 66.40 .82
Group (G) x P 14' 95.83 3.54* 113.69 1.40
Sex (S) x P 7 47.63 1.76 157.55 1.95
A x G x P 42 60.71 2.24* 175.88 2.17*
A x S x P 21 30.65 1.13 94.73 1.17
G x S x P 14 30.44 1.12 114.71 1.42
A x G x S x P 42 30,88 1.14 80.21 .99
Subj (A x G x S) x P 672 4,99 .18 8.10 1.66
Trial (T) x P 21 25.33 .94 77.47 1.58
A x T x P 63 29.44 1.09 42.59 .87
G x T x P 42 21.84 .81 61.17 1.33
S x T x P 21 30.77 1.14 38.97 .80
A x G x T x P 126 21.47 .79 51.72 1.06
A x S x T x P 63 2.93 1.08 49.56 1.01
G x S x T x P 42 22.94 .85 38.74 .79
A x G x S x T x P 126 25.55 .94 49.08 1.00
Subj (A x G x S) x P x T 3528 27.07 48.89
£ 4., 05
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Table D-6
3 x 2 x 3 x 8 x 8  ANOVA for Spatial AE and CE with
Repeated Measures on Trials and Positions for Transfer
AE AE CE CE
Source df MS F MS F
Age (A) 2
Group (G) 2
Sex (S) - 1
A x G 4
A x S 2
G x S 2
A x G x S 4
Subj (A x G x S) 72
Trial (T) 7
A x T 14
G x T 14
S x T 7
A x G x T 28
A x S x T 14
G x S x T 14
A x G x S x T 28
Subj (A x G x S) X T 504
Position (P) 7
A x P 14
G x P 14
S x P 7
A x G x P . 28
A x S x P 14
G x S x P 14
A x G x S x P 28
Subj (A x G x S) X P 504
T x P 49
A x T x P 98
G x T x P 98
S x T x P 49
A x G x T x P 196
A x S x T x P 98
G x S x T x P 98
A x G x S x T x p 196
Subj (A x G x S) X P x T 3528
3536. 31 26, 71* 418, 41 99
35, 34 t27 596, 01 1. 41
293. 39 2, 21 63. 05 *15
192. 50 1 .45 222, 61 •53
291. 94 2. 21 905. 07 2. 14
64. 60 *49 286, 19 *68
10. 24 *07 320. 54 ♦76
132, 39 14. 99* 422, 11 25. 99*
40. 24 1.77 96, 92 2. 01*
10. 28 t45 57, 96 1 .20
15. 84 i70 72. 78 1 .51
29. 55 1 .30 33. 03 *69
14. 16 63 63. 51 1 ,32
30. 33 1 .34 43, 65 §91
9. 81 <43 52, 16 1 .02
14. 84 1 .68 28. 97 »60
18. 12 2. 05* 48. 17 2. 97*
1126. 38 49. 73* 1396, 79 20. 19*
86. 73 3. 83* 131. 64 17
25. 66 1 .13 57. 74 •84
9. 68 43 45, 15 *65
23. 86 1 .05 94. 38 1 .36
11. 32 50 63. 55 92
22. 39 99 57. 74 84
24. 78 1 .09 34. 06 *49
22. 65 2. 57* 69. 15 4. 25
8. 35 * 95 11. 71 «72
9. 80 1 .11 16. 50 1 .02
7. 56 87 19. 56 1.20
8 ,58 .97 7, 24 ,45
10. 08 1 .14 23. 54 1 .45
11. 09 1 .26* 14. 71 •91
9. 59 1 ,09 16. 47 1 .01
8. 61 97 15. 4.1 98
'8. 83 16. 24
£ L. .05
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Table D-7
3 x 2 jt 3 x 8 x 8 ANOVA for Temporal AE and CE with 
Repeated Measures on Trials and Positions for Transfer 
(effects different from Spatial error)
Source df AEMS
AE
F
CE
MS
CE
F
Position (P) 7 200.85 10.99* 29.65 6,42
Age (A) x P 14 39.29 2.15 41.19 .91
Group (G) x P 14 42.62 2.33 72.54 1. 60
Sex (S) x P 7 8,33 .46 29.86 . 66
A x G x P 28 30.87 1.69 83.09 1.83
A x S x P 14 11.17 .61 22.54 .50
G x S x P 14 9.65 .53 45.01 .99
A x G x S x P 28 24.55 1.34 40.95 .90
Subj (A x G x S) x P 504 18.28 1.65 45.45 2.08*
Trial (T) x P 49 10.16 .92 18.18 .83
A x T x P .98 11.46 1.04 22.47 1.03
G x T x P 98 10.49 .95 19.75 .90
S x T x P 49 9.70 .88 17.16 .73
A x G x T x P 196 10.90 .99 10.90 .50
A x S x T x P 98 9.84 .89 23.14 1.06
G x S x T x P 98 9.45 .85 17.95 .82
A x G x S x T x P 196 11.95 r.08 22.48 1.03
Subj (A x G x S) x P x T 3528 11.05 21.87
£ £  .05
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Table D-8
4 x 3 x 8 x 8 ANOVA for Spatial AE and CE with 
Repeated Measures on Trials and Positions for Training
Source df AEMS
AE
F
CE
MS
CE
F
Age (A) 3 26367.12 68.69* 3233.09 1.74
Group (G) 2 49.03 .13 563.20 .30
A x G 6 541,92 1.41 1752.00 .94
Subj (A x G) 108 383.86 21.70 1854,69 63.28*
Trial (T) 7 341.70 3.68 430.73 4.53*
A x T 21 681.57 7.35* 21.05 .22
G x T 14 30,60 .33 88.37 .93
A x G x G 42 38.43 .41 126.25 1.33
Subj (A x G) x T 756 39.01 2.21* 91.11 3.11*
Position (P) 7 4034.32 43.52* 9616.07 101.07*
A x P 21 681.57 7.35* 2910.29 30.58*
G x P 14 30.60 .33 139.08 1.46
A x G x P 42 49.26 .53 175.03 1.84*
Subj (A x G) x P 756 92.69 5.24* 95.14 3.25*
T X P 49 35.92 2.03* 166.35 5.68*
A x T x P 147 21.54 1.21* 50.89 1.74*
G x T x P 98 16.38 .92 54.73 1.87*
A x G x T x P 294 14.50 .82 33.11 1.13*
Subj (A x G) x T x p5292 17.68 29.30
e-37D5
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Table D-9
4 x 3 x 3 x 8 ANOVA for Temporal AE and CE with 
Repeated Measures on Trials and Positions for Training 
(effects different from Spatial error)
Source df AEMS
AE CE 
F MS
CE
F
Position (P) 7 1138.33 15.45* 2306.01 22.61*
Age (A) x P 21 46.85 ,64 177.35 1.74*
Group (G) x P 14 127.93 1.74 336.05 3.29*
A x G x P 42 42.30 .57 219.37 2.15*
Subj(A x G) x P 756 73.65 2.84* 101.96 2.19*
T x P 49 23.26 .90 247.12 5.30*
A x T x P 147 27.13 1.05 50.17 1.08
G x T x P 98 23.29 .90 54.40 1.17
A x G x T x P 294 23.14 .89 44.12 .95
Subj (A x G) x T x P 5292 25.90 46.64
£ ^ .05
Table D-10
Means and Standard Deviations from the Age x Group x Trial x Position Interaction
During Transfer
A G T P
g r r 0
e 0 i s
u a i
P 1 t
i
o
n
Spatial Temporal
AE CE AE CE
Mean SD Mean SD Mean SD Mean SD
1 9.33 15.18 7.99 16.12 12.90 15.43 -2.76 20.30
2 10.73 18.29 7.04 20.13 14.38 17.76 -.74 23.11
3 12.71 17.41 4.98 21.33 18.80 17.74 -5.22 26.02
4 13.57 17.76 .11 22.80 15.82 18.40 1.25 24.80
5 15.55 11.90 -6.79 18.15 13.67 17.12 -1.79 22.29
6 17.08 16.82 -5.70 23.89 14,58 14.37 -1.38 21.00
7 21.39 12.11 -11.85 22.34 17.15 13.05 -5.25 21.59
8 26.04 11.10 -16.71 23.80 19.02 14.69 -5.23 24.23
1 7.47 8.96 5.98 10.13 12.50 11.37 -1.52 17.33
2 8.50 8.58 2.17 12.19 14.22 11.26 -7.56 16.98
3 9.74 10.09 5.47 13.19 16.47 11.46 -8.83 18.60
4 10.76 6.74 -4.10 12.46 * 9.41 10.00 -2.26 13.88
5 13.15 6.80 -8.96 12.21 12.02 6.68 -3.33 13.89
6 15.38 5.81 -9.40 14.09 16.45 9.67 -4.75 19.21
7 17.28 9.65 -15.66 12.35 15.94 10.28 -13.53 13.58
8 25.72 9.24 -22.06 16.73 10.99 7.12 -4.76 12.63 316
Age Gr. Tr. Pos. SAE SCE
Mean SD Mean SD
1 11.41
2 8.38
3 10.01
4 10.10
5 16.15
6 19.30
7 19.68
8 23.46
1 10.27
2 10.44
3 14.21
4 14.56
5 14.73
6 16.09
7 12.10
8 20.50
1 7.72
2 7.06
3 7.06
4 8.70
5 9.41
6 13.93
7 19.55
8 21.29
1 11.21
2 8.80
3 8.91
4 7.62
.99 9.73 16.25
.58 2.30 13.57
.95 1.58 14.41
. 66 -3.45 12.04
.19 -5.63 17.50
.24 -14.05 16.20
.77 -12.14 18.09
.33 -23.20 13.82
.69 6.75 18.58
.36 4.69 12.90
.57 3.47 19.87
.85 .32 18.24
.36 -7.85 14.60
.59 -5.04 18.25
.51 -10.91 11.00
.29 -18.12 13.08
.25 5.05 8.77
.98 .06 8.95
.67 -.03 9.99
.88 -7.37 6.24
.76 -7.78 8.77
.70 -10.92 11.31
.55 -14.16 17.20
.96 -15.88 16.94
.69 11.21 16.69
.'62 3.31 10.85
.87 2.01 10.87
.78 -1.07 11.13
14
10
9
6
7
8
7
13
16
8
13
9
6
8
9
8
6
4
6
3
6
6
9
7
16
6
5
7
TAE
Mean
17.13
14.24
17.70
12.84 
14.89 
20.35
8.76
12.60
12.46 
18.33
13.47
17.84
11.84
13.22 
12.30 
13.44
2.79
6.32
10.97
8.20
11.00
14.23 
17.77
16.24
7.30
9.90
8.67
12.85
SD
13.62
8.84
12.80
10.80
10.68
11.38 
6.99
11.97
8.72 
16.22
10.03
13.98
9.32 
6.70
8.48
10.03
12.91
4.67
9.90
4.35
7.32 
6.65
7.72 
12.01
12.39 
8.02 
7.01 
7.37
TCE
Mean
-6.17
-3.27
-1.84
-4.76
-3.95
-14.78
-4.47
-5.57
-5.02
-3.03
-9.47
2.45
-1.99
-.55
-8.76
-.28
9.99
-2.71
- 6.00
-2.97
-7.72
-7.18
-12.35
-15.04
3.61
-2.18
2.37
-1.41
SD
21.66
17.07
22.55
16.57 
18.52 
18.62
10.58 
16.89
14.86
25.02
14.24 
23.29
15.44 
15.46
12.44 
17.36
8.04
7.61
13.85
9.22
11.04
14.55 
15.52 
13.64
14.08 
12.96
11.24
15.35 £
Age Gr. Tr. Pos. SAE SCE TAE TCE
Mean SD Mean SD Mean SD Mean SD
5 12.44 7.01 -8.01
6 13.03 7.69 -8.34
7 18.99 7.35 -10.03
8 17.62 6.99 -7.91
1 7.60 9.43 4.99
2 10.04 9.41 4.94
3 10.55 5.38 -3.11
4 12.80 6.42 -5.06
5 14.40 7.29 -6.39
6 17.25 8.64 -10.88
7 18.96 9.21 -9.21
8 19.16 9.59 -14.05
1 3.81 4.71 .30
2 7.40 4.05 .53
3 7.98 4.61 -1.43
4 8.10 4.63 -4.21
5 9.22 5.31 -2.28
6 15.64 8.46 -13.85
7 15.77 7.12 -13.88
8 21.84 10.03 -18.05
1 11.93 15.39 10.72
2 12.87 15.91 8.82
3 13.08 15.42 6.60
4 12.25 10.50 -1.40
5 12.33 8.50 -6.60
6 14,40 10,69 -2,86
7 17.05 8.83 -7.91
8 19.92 8.76 -12.85
.24 12.83 7.45 .18 15.44
.07 13.74 8.48 -10.01 13.04
.52 17.17 12.26 -4.23 21.40
.01 16.18 8.28 -7.17 17.39
.20 8.95 9.80 -.14 13.60
.17 8.29 7.87 -.37 11.74
.91 11.36 6.06 -2.32 13.20
.95 13.43 7.74 -.48 16.13
.43 13.90 7.48 -6.97 14.72
.54 19.56 6.02 -11.11 18.01
.34 17.84 9.48 -11.66 17.08
.75 17.42 11.23 -6.44 20.43
.18 8.45 10.18 -5.08 12.42
.77 9.74 8.72 -5.71 12.05
.48 6.12 4.29 -.35 7.74
.69 9.10 3.76 -5.75 8.33
.82 11.05 5.24 -3.21 12.31
.40 14.07 7.49 -10.35 12.53
.63 13.51 8.89 -8.93 13.89
.38 17.74 11.15 -13.37 16.60
.34 12.23 11.02 -3.52 16.63
.73 13.49 8.92 -.65 16.77
.48 17.02 8.54 -8.44 17.77
.58 12.35 9.09 -6.62 14.26
.88 14.18 11.44 .52 18.82
.32 13,67 15,57 6,06 20,24
.21 17.17 16.61 4.74 14.05
.28 13.62 14.44 2.44 20.21
12
13
18
18
11
13
11
13
15
16
19
16
6
8
9
8
10
11
10
16
16
18
19
16
13
18
18
18
Age Gr. Tr. Pos. SAE SCE
Mean SD Mean
1 13.
2 12.
3 9.
4 10.
5 12.
6 17.
7 16.
8 22.
1 15.
2 5.
3 12.
4 11.
5 14.
6 12.
7 23.
8 20.
1 12.
2 12.
3 10.
4 15.
5 15.
6 17.
7 17.
8 21.
1 4.
2 3.
3 6.
4 4.
5 6 .
15.26 11.98
14.44 6.07
12.00 4.92
11.14 1.77
8.83 -4.70
9.87 -4.02
9.92 -8.47
9.90 -14.55
20.13 14.96
3.19 -.36
16.53 7.14
10.11 -1.60
11.54 3,02
9.18 .09
8.41 -15.30
11.27 -9.14
14.91 9.80
14.76 8.56
11.97 4.10
11.03 7.98
9.86 -1.00
8.75 -7.59
10.88 -11.60
10.00 -13.78
4.77 1.73
2.00 1.25
5.28 1.70
4.34 -3.00
4.17 2.93
16
23
15
50
97
86
55
92
74
82
53
61
14
56
43
73
11
99
88
69
42
47
47
25
34
38
40
88
32
TAE TCE
SD Mean SD Mean SD
16.30 13.71 8.
18.27 12.26 10.
14.49 13.46 8.
15.59 14.90 10.
15.50 15.67 13.
20.83 12.92 15.
17.98 15.03 14.
21.13 17.37 15.
20.78 20.44 17.
6.90 11.45 10.
19.77 10.30 8.
15.78 17.40 13.
18.58 15.96 10.
16.11 14.08 13.
20.50 15.32 14.
22.62 11.59 12.
16.69 13.85 8.
18.00 17.10 14.
16.01 12.46 9.
18.02 12.31 10.
18.98 19.45 10.
18.75 15.23 12.
17.55 18.09 14.
19.76 14.79 13.
6.35 5.28 4.
3.87 6.20 4.
8.38 5.11 3.
5.94 4.21 3.
7.22 5.61 5.
-2.79 16.33
-2.58 16.41
-3.56 16.01
-4.61 18.08
-5.24 20.65
-2.72 20.90
9.19 19.22
5.35 23.40
12.34 24.71
-6.05 14.96
1.10 13.62
-10.90 19.54
-1.13 19.66
-.79 20.35
.37 21.94
3.89 16.79
2.77 16.46
4.80 22.62
5.46 14.86
-2.69 16.70
-5.71 22.24
-5.66 19.43
-1.40 23.95
-1.10 20.46
-.90 7.26
2.86 7.32
1.72 6.45
1.37 5.52
.15 7.94
15
47
31
19
57
05
57
62
76
90
31
31
23
94
86
22
16
57
01
88
51
47
56
29
75
46
98
59
30
Age Gr. Tr. Pos. SAE SCE
Mean SD Mean SD
7 EPO 1 6 5.87 4.52 2.02 7.36
7 4.76 4.47 1.14 6.61
8 7.80 5.25 2.72 9.32
1 1.54 1.00 -.20 1.89
2 6.58 5.37 4.40 7.45
3 4.85 4.34 2.73 6.06
4 6.41 2.72 -2.16 6.92
5 5.71 2.52 -.82 6.47
6 8.32 7.09 -6.53 8.93
7 9.55 7.52 -4.94 11.44
8 7.05 3.13 -4.78 6.30
1 3.76 3.56 2.02 4.89
2 3.89 3.58 1.41 5.18
3 6.11 5.59 .41 8.52
4 4.47 2.97 .53 5.54
5 8.48 8.78 2.97 12.13
6 5.15 3.97 -3.73 5.45
7 7.37 6.45 -5.70 8.13
8 5.52 5.20 2.09 7.49
1 2.76 3.28 .99 4.26
2 6.38 8.55 3.98 10.04
3 5.41 6.50 1.83 8.43
4 3.74 2.54 -.88 4.60
5 5.69 5.52 -2.28 7.79
6 3.78 2.54 -1.17 4.56
7 3.45 2.71 -1.10 4.38
8 8.88 6.05 .54 11.14
1 2.41 1.70 -.53 3.01
2 2.73 2.45 -1.38 3.49
TAE TCE
Mean SD Mean SD
5.72 5.14
5.51 3.36
6.10 5.83
3.71 2.61
7.70 4.34
5.94 5.33
8.12 6.57
6.89 3.89
6.44 6.61
5.26 6.36
5.93 3.47
5.02 4.91
5.09 3.85
6.01 4.31
8.85 8.90
5.18 5.35
5.17 5.60
4.72 5.36
4.64 2.97
6.67 4.97
4.29 3.79
5.25 4.79
7.17 6.93
6.34 9.15
5.07 4.47
2.28 1.22
3.01 2.38
5.03 4.89
6.77 5.56
2.97 7.28
1.75 6.46
.59 8.65
-1.72 4.34
.44 9.21
-3.51 7.35
-2.84 10.37
-5.76 5.57
-.32 9.47
-2.15 8.13
3.56 6.09
-.30 7.21
-.73 6.56
1.24 7.55
.41 12.89
2.08 7.33
.43 7.80
-2.33 6.90
-.80 5.65
-.55 8.60
.90 5.82
2.33 6.90
-.87 10.22
.88 11.29
.97 6.90
-.33 2.67
-1.41 3.68
1.61 7.02
-6.02 6.45
Age Gr. Tr. Pos. SAE SCE
Mean SD Mean
3 4.
4 5.
5 8.
6 8.
7 7.
8 6.
1 2.
2 6.
3 6 .
4 4.
5 5.
6 4.
7 4.
8 5.
1 3.
2 4.
3 4.
4 4.
5 4.
6 5.
7 5.
8 6 .
1 2 .
2 4.
3 4.
4 6.
5 4.
6 5.
7 5.
8 7.
3.52 -.39
5.65 -4.02
3.92 -3.74
5.89 -1.88
4.48 -4.48
6.20 -.69
2.36 .59
9.00 1.10
3.36 -1.80
2.09 -2.38
2.41 -3.00
6.09 -3.93
4.51 -3.16
4.84 .40
i 3.67 1.58
4.19 -.38
2.52 -2.19
3.91 -1.36
3.29 -2.61
4.98 -1.69
5.03 -2.24
5.35 4.85
3.86 2.05
5.90 1.49
4.52 -1.22
4.91 -3.24
3.43 -3.82
4.51 -4.36
4.46 -.86
3.96 1.29
86
62
37
64
05
82
63
53
15
19
33
29
76
11
15
88
00
42
66
14
34
59
97
88
28
31
41
64
15
54
TAE TCE
SD Mean SD Mean SD
6.20 7.22 5.13 -3.93 8.19
7.00 7.74 5.80 -1.89 9.81
8.82 4.50 3.44 -2.10 5.43
10.67 6.74 5.32 -1.63 8.70
7.02 3.75 3.22 -.85 5.02
9.47 4.76 4.81 -2.68 6.35
3.59 3.87 1.89 -1.46 4.23
11.27 3.43 3.10 -2.52 3.95
7.05 6 .44 5.47 -2.60 8.28
4.20 4.63 2.73 -3.28 4.40
5.23 4.16 2.71 -2.07 4.67
6.36 6.34 9.21 .48 11.37
5.86 5.81 5.01 1.34 7.79
7.23 4.30 4.72 -2.06 6.17
4.67 6.01 4.05 .02 7.53
6.62 3.25 3.08 1.01 4.49
4.34 4.05 3.76 -3.29 4.51
5.92 5.32 4.48 .36 7.17
5.23 4.13 3.24 -1.86 5.06
7.14 5.55 4.90 -.22 7.63
7.18 4.06 4.30 .20 6.06
7.13 5.82 5.38 -.27 8.15
4.47 7.74 5.10 -1.72 9.45
7.76 6.29 5.00 -.96 8.24
6.26 3.97 3.41 -2.53 4.69
7.53 6.13 4.84 -3.16 7.36
4.14 6.50 6.79 -.42 9.64
5.88 3.33 3.38 .98 4.77
6.97 2.97 1.78 -1.50 3.24
8.77 4.26 2.62 .63 5.15
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Age Gr. Tr. Pos. SAE SCE
Mean SD Mean SD
1 2.80 1.38 -1.83 2.63
2 4.02 3.65 -.78 5.53
3 4.88 4.04 -4.46 4.55
4 4.52 4.06 -1.70 6.00
5 4.88 3.27 -2.68 5.41
6 8.86 5.51 -3.76 10.09
7 8.46 5.77 -2.77 10.21
8 7.18 4.46 3.42 8.01
1 2.16 1.82 -1.99 2.10
2 4.75 4.10 -1.94 6.14
3 5.98 3.58 -4.71 5.27
4 6.15 4.37 -5.11 5.67
5 6.30 3.70 -4.67 5.79
6 8.06 5.99 -6.06 8.20
7 7.38 4.30 -2.91 8.35
8 11.41 4.40 5.69 11.31
1 2.96 1.99 -2.77 2.27
2 5.34 3.91 -2.47 6.34
3 6.03 4.00 -5.66 4.56
4 5.61 4.55 -4.37 5.78
5 7.31 4.05 -7.31 4.05
6 6,26 5.85 -5.01 7.05
7 4.36 3.32 .32 5.66
8 7.93 5.05 7.46 5.80
1 2.91 1.92 -2.91 1.92
2 4.23 2.96 -3.92 3.40
3 5.32 3.96 -4.79 4.65
4 5.91 3.43 -4.34 5.45
5 7.05 4.90 -3.55 8.08
TAE TCE
Mean SD Mean SD
3.25 2.88 .32 4.47
3.63 2.74 -.65 4.65
5.58 4.36 -2.75 6.73
6.26 5.72 -2.95 8.16
7.55 6.60 -4.22 9.34
6.68 3.40 -3.50 6.89
5.33 4.52 -. 66 7.17
7.31 4.11 -.14 8.74
2.24 2.28 -.72 3.19
5.94 3.58 -1.47 7.04
5.35 4.70 -5.35 4.70
7.48 4.30 -6.13 6.24
5.88 4.35 -.97 7.50
8.22 5.21 -6.47 7.46
7.68 3.82 -4.65 7.59
9.40 6.15 4.05 10.85
5.00 4.31 -.57 6.79
4.11 3.70 -1.47 5.48
6.67 5.81 -5.48 7.06
7.30 4.68 -4.40 7.72
6.62 3.87 -4.99 6.00
5.73 3.88 -4.63 4.91
3.43 2.90 -2.13 4.05
6.94 4.91 3.86 7.81
4.83 5.34 -4.83 5.34
5.30 4.83 -1.32 7.25
5.70 3.60 -3.99 5.60
5.58 3.54 -2.25 6.44
7.76 5.17 -1.85 9.48
Age Gr, Tr. Pos. SAE SCE
Mean SD Mean
4 6 5.11 3.93 -.49
7 5.29 5.98 .81
8 10.96 5.16 8.37
5 1 2.49 1.66 -1.36
2 4.61 2.92 -3.89
3 5.52 4.21 -4.49
4 6.31 4.39 -3.07
5 8.49 5.51 -3.23
6 5.42 3.89 .69
7 7.20 3.77 .99
8 10.84 7.58 5.03
6 1 2.42 .92 -1.75
2 4.01 2.92 -2.77
3 4.84 4.44 -2.48
4 3.53 4.15 -2.20
5 4.23 2.68 .80
6 5.03 4.13 2.40
7 5.15 4.48 2.02
8 11.46 7.48 11.46
7 1 3.11 3.24 -.89
2 3.04 2.85 -2.03
3 4.98 3.23 -4.28
4 3.52 2.77 -1.62
5 4.04 3.86 -2,09
6 6.44 5.19 -.47
7 5.33 5.13 .10
8 9.68 6.77 7.38
8 1 3.14 2.52 -1.50
TAE TCE
SD Mean SD Mean SD
6.65 4.39 3.64 -2.51 5.25
8.13 4.12 3.56 1.54 5.38
9.06 9.11 5.72 4.38 10.18
2.75 4.74 5.77 1.63 7.44
3.92 4.66 3.18 -1.78 5.55
5.41 5.11 2.69 -1.52 5.80
7.29 6.76 3.10 -2.95 7.12
9.95 5.89 4.49 -2.45 7.22
6.88 6.65 5.85 -2.79 8.64
8.41 6.46 3.95 -2.97 7.22
12.65 10.61 7.54 3.51 12.97
1.99 3.43 3.08 -2.03 4.24
4.23 5.55 5.02 -.73 7.67
6.24 5.46 5.27 -.01 7.81
5.07 3.32 2.96 -.06 4.58
5.14 4.99 4.57 .84 6.91
6.22 4.52 3.32 .04 5.81
6.71 3.41 2.49 .74 4.30
7.48 10.00 7.60 8.70 9.22
4.52 1.23 6.31 3.92 4.94
3.72 3.90 3.99 -2.10 5.28
4.19 5.40 2.89 -1.53 6.17
4.30 3.39 2.55 -1.53 4.08
5.31 5.70 4.39 -4.31 5.90
8.53 4.00 3.11 -1.55 4.97
7.61 4.88 5.20 -.27 7.38
9.46 8.95 7.23 6.15 9.96
3.85 3.20 2.45 -1.42 3.89
Age Gr. Tr. Pos. SAE
Mean SD Mean
2 5.
3 4.
4 4.
5 3.
6 4.
7 5.
8 7.
1 2.
2 5.
3 5.
4 5.
5 6 .
6 6.
7 8.
8 9.
1 1 .
2 4.
3 4.
4 6.
5 6 .
6 3.
7 6 .
8 10.
1 2.
2 4.
3 5.
4 6.
5 3.
6 8.
3.10 -.71
3.14 -1.90
3.99 -1.30
2.28 -2.08
4.87 .39
6.11 .15
7.37 5.74
1.55 .17
5.85 2.73
4.71 .55
5.49 -2.38
3.24 -.26
4.25 3.55
6.14 7.71
7.55 9.86
1.44 -.59
3.43 -.68
3.52 -3.57
4.80 .64
2.09 -3.54
4.29 .77
3.88 .61
6.33 6.65
1.36 1.36
2:99 -1.02
5.34 -2.04
3.80 -.89
3.81 -1.79
8.09 .43
25
60
59
98
36
55
21
00
06
54
78
31
71
55
98
88
66
31
27
44
79
70
32
66
34
91
69
60
00
SCE TAE TCE
SD Mean SD Mean SD
6.30 4.79 3.
5.41 4.39 3.
6.12 4.80 3.
4.25 4.99 3.
6.68 3.55 4.
8.46 5.23 5.
8.68 7.72 7.
2.61 5.18 7.
7.38 7.93 6.
7.49 4.09 2.
7.81 9.80 6.
7.39 6.32 4.
7.35 5.76 5.
6.26 5.80 1.
7.73 5.40 5.
2.20 5.43 4.
5.96 5.77 5.
4.34 4.98 3.
8.14 4.43 3.
6.04 7.98 4.
5.81 5.10 4.
8.03 3.78 3.
10.46 6.91 6.
2.76 4.56 3.
5.36 4.15 3.
7.92 9.44 6.
7.95 7.18 5.
5.03 4.91 3.
11.68 4.18 4.
-1.64 5.66
-1.63 5.45
-1.47 6.22
-3.25. 5.23
.89 5.73
1.88 7.59
5.45 9.46
7.69
5.19 8.74
2.98 3.87
4.75 11.20
.00 8.21
2.40 8.13
1.19 6.66
1.12 7.36
.10 7.01
-1.68 8.26
-2.52 5.53
1.11 5.60
-1.79 9.54
.44 6.83
1.10 5.09
3.51 8.71
1.92 5.78
-.53 5.75
3.47 11.24
-.05 9.14
1.89 6.11
-2.43 5.37
10
35
93
99
43
44
49
05
03
50
62
79
79
92
22
05
87
18
31
88
23
37
04
80
77
39
12
79
00
Age Gr. Tr. Pos. SAE SCE
Mean SD Mean
3 7 6.
8 10.
4 1 1.
2 3.
3 6.
4 5.
5 5.
6 5.
7 7.
8 12.
5 1 3.
2 4.
3 6 .
4 4.
5 6.
6 7.
7 7.
8 12.
6 1 2.
2 5.
3 4.
4 7.
5 5.
6 8.
7 7.
8 11.
7 1 2.
2 4.
3.06 2.51
7.65 10.13
1.33 -.75
2.86 -.28
4.81 -.86
4.32 -5.34
5.67 -2.16
5.45 -1.71
6.66 2.12
8.56 4.76
3.49 2.11
2.56 -. 64
3.73 -2.51
4,00 -2.15
5.65 -2.66
3.98 -2.21
5.96 -.94
5.58 -7.60
1.39 .91
5.86 3.13
3.40 -.15
4.73 1.62
4.44 .00
5.91 -1.49
5.77 2.01
6.70 6.27
1.77 1.07
2.06 .29
19
43
96
76
02
63
65
66
82
52
13
66
03
88
56
69
15
11
02
76
44
02
04
15
54
28
76
26
TAE TCE
SD Mean SD Mean SD
6.71 8.08 8.
8.09 5.32 4.
2.33 6.55 8.
4.88 5.93 5.
7.91 9.92 6.
4.71 4.11 5.
7.91 5.61 5.
7.88 4.55 5.
10.37 7.09 5.
14.91 5.27 4.
4.25 5.68 5.
5.50 7.06 5.
6.88 6.47 5.
6.12 5.67 2.
8.48 7.03 6.
8.73 7.18 3.
9.56 5.92 6.
11.52 7.32 6 .
2.36 8.19 6.
7.77 3.86 2.
5.78 8.92 7.
8.62 6.88 7.
6.93 6.66 4.
10.31 3.57 3.
9.59 7.44 4.
11.94 5.75 4.
3.22 5.38 4.
4.93 4.33 2.
4.98 11.02
-.54 6.93
-.23 10.69
.21 8.46
2.03 11.99
-.42 6.87
.61 8.03
-.85 7.05
-3.65 8.57
-1.92 7.13
1.64 7.92
1.54 8.97
-1.50 8.38
-1.29 6.29
4.43 8.42
.96 8.29
-3.81 7.91
1.93 9.66
3.85 9.99
-.50 4.84
4.74 11.26
4.64 9.15
2.16 7.88
-1.73 4.96
1.19 8.75
-2.05 7.08
-.38 6.96
.06 5.12
74
11
16
69
24
35
47
24
68
91
47
26
12
37
14
51
30
15
47
69
96
43
25
71
08
25
05
33
Age Gr. Tr. Pos. SAE SCE
Mean SD Mean SD
SO 7
8
11 EPO 1
3 6.56 4.11 3.13 7.34
4 6.14 5.32 1.52 8.23
5 6.30 5.74 -2.36 8.42
6 6.22 4.03 -3.20 6.92
7 7.19 6.86 2.09 9.98
8 8.98 6.29 2.00 11.17
1 2.39 1.64 .89 2.86
2 4.76 2.92 1.35 5.62
3 5.01 3.92 1.94 6.25
4 6.07 4.66 .47 7.89
5 7.65 5.89 .86 9.95
6 5.79 5.58 -2.05 8.18
7 4.95 6.22 1.55 7.95
8 8.62 6.18 3.63 10.30
1 1.68 1.15 -.29 2.09
2 2.83 3.11 .30 4.30
3 3.03 2.88 -1.55 3.98
4 3.47 2.13 -2.00 3.67
5 4.12 3.36 -.97 5.65
6 4.24 3.02 .77 5.33
7 3.50 2.08 1.08 4.08
8 3.03 2.34 .06 3.96
1 1.70 1.42 .44 2.24
2 2.39 1.91 -1.21 2.89
3 4.62 4.02 -1.09 6.21
4 5.84 3.95 -.89 7.25
5 5.43 3.80 -1.36 6.72
6 5.99 3.80 -.34 7.37
7 4.43 3.76 -.35 5.93
TAE TCE
Mean SD Mean SD
5.92 5.24
5.60 6.47
9.17 6.95
5.45 4.67
6.71 5.12
5.87 3.47
5.71 •6.90
6.60 4.40
5.27 4.17
6.98 4.51
7.04 6.71
3.53 4.47
5.36 4.67
4.75 4.41
2.47 2.16
1.97 1.55
3.07 3.35
3.36 2.71
4.25 3.03
3.50 3.19
3.90 2.28
3.68 2.26
3.02 2.58
3.60 2.95
3.38 3.90
4.59 4.22
4.95 3.92
6.00 3.76
5.43 3.46
1.97 7.88
1.01 8.69
5.80 10.21
.29 7.40
-2.30 8.39
-1.91 6.81
4.14 8.05
3.02 7.59
.01 6.94
.91 8.58
1.11 9.93
-2.36 5.26
-.38 7.32
2.20 6.26
-1.56 2.96
-.38 2.56
-.41 4.64
-1.49 4.17
1.46 5.19
-.09 4.88
-.60 4.66
.49 4.46
-.83 4.01
-1.96 4.34
.19 5.28
-.10 6.42
-.89 6.46
.13 7.36
-1.35 6.53
Age Gr* Tr. Pos. SAE SCE
Mean SD Mean
8 5.
1 1.
2 2.
3 3.
4 3.
5 3.
6 5.
7 4.
8 3.
1 1.
2 2.
3 3.
4 3.
5 3.
6 4.
7 4.
8 4.
1 1.
2 2.
3 4.
4 4.
5 3.
6 3.
7 4.
8 4.
1 1.
2 2.
3 3.
2.96 1.61
1.62 .23
1.64 -1.48
2.42 -1.65
2.74 -1.60
5.00 -2.37
3.96 -1.79
3.22 -2.47
2.12 2.01
.88 -.18
1.22 -1.26
2.63 -2.37
2.15 -2.69
2.77 -2.60
2.73 -1.97
3.55 -2.01
4.71 -.73
1.20 .15
1.83 -.72
2.34 -1.58
4.03 .09
3.02 -.08
3.43 -.81
3.48 -1.35
5.42 -.16
1.50 .30
1.65 -1.23
1.76 -2.12
03
95
80
85
40
92
28
68
81
42
34
98
80
91
38
89
03
41
60
05
27
52
13
17
55
82
32
06
SD
5.83
2.61
2.99 
4.39 
4.18
5.99 
6.57 
5.28 
4.01
1.72
2.41 
4.27
3.56 
4.14 
4.94 
5.89 
6.30
1.91
3.21
4.57 
6.05 
4.78 
4.68
5.42 
7.24
2.42 
2.65 
2.93
TAE
Mean SD
4.46 3.11
2.79 1.45
2.16 1.55
3.62 2.05
3.65 2.73
4.80 4.94
4.54 4.48
4.85 2.74
3.28 2.66
2.04 1.35
2.23 1.88
4.58 2.46
3.70 2.04
4.00 2.84
3.85 2.72
4.18 3.82
4.16 4.61
1.56 1.11
2.38 1.47
3.12 2.40
4.42 4.03
3.75 3.27
3.85 3.29
4.16 3.46
4.46 5.49
2.66 1.65
2/39 1. 45
2.97 1.44
TCE
Mean SD
1.60 5.37
.47 3.25
-.85 2.60
-.42 4.31
-2.27 4.06
-2.44 6.59
-2.76 5.87
-2.08 5.37
1.22 4.17
.01 2.54
-.11 3.01
-2.08 4.95
-2.31 3.66
-2.95 4.02
-2.34 4.22
-2.35 5.28
-1.69 6.12
.08 1.98
.54 2.85
-.52 4.03
.34 6.16
-1.49 4.89
-1.67 4.92
-1.61 5.32
-.15 7.23
.03 3.25
-1.04 2.69
-1.82 2.86
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Age Gr. Tr. Pos.
Mean SD Mean
11 EPO 6
8
TO 1
4 2.24 2.28 -1.73
5 3.50 2.45 -2.49
6 5.10 3.57 -2.51
7 4.42 2.70 -1.08
8 4.36 2.85 -1.19
1 1.31 1.13 -.86
2 2.94 1.92 -.66
3 4.01 2.52 -2.06
4 4.60 2.05 -1.97
5 3.56 2.97 -1.98
6 4.09 1.87 -1.33
7 5.76 3.36 -2.41
8 5.09 4.57 .35
1 2.51 1.84 .14
2 2.51 1.68 -1.14
3 2.85 2.54 -1.20
4 3.59 2.27 -.07
5 2.89 2.39 -.45
6 3.20 3.52 -1.40
7 3.96 3.24 .48
8 3.29 3.01 .56
1 2.20 1.48 -1.13
2 3.38 2.28 -3.05
3 3.28 2.13 -3.28
4 4.79 2.47 -3.31
5 6.32 3.44 -2.64
6 6.36 5.88 -4.36
7 4.23 3.59 -1.28
8 7.01 5.61 4.27
SCE SD Mean TAE SD Mean TCE SD
2.74 1.58 1.03 -1.07 1.60
3.57 3.83 2.52 -1.34 4.55
5.88 5.11 3.46 -3.72 5.07
5.26 4.52 3.22 -1.71 5.46
5.26 3.78 3.34 -1.38 4.99
1.54 2.12 1.88 -1.64 2.35
3.58 3.76 2.69 -1.50 4.52
4.42 3.87 2.52 -2.93 3.67
4,84 3.79 2.44 -2.26 4.02
4.31 3.47 3.03 -1.19 4.58
4.49 4.38 1.74 -.24 4.93
6.46 4.47 3.55 -.37 5.89
7.03 5.52 4.41 -.79 7.25
3.22 2.95 2.71 -1.12 3.61
2.76 3.39 2.68 -1.65 4.11
3.73 2.48 1.77 -.53 3.11
4.41 3.57 2.16 1.05 4.20
3.85 3.13 3.00 -.69 4.40
4.65 3.13 3.03 -.78 4.40
5.26 2.99 3.10 .63 4.37
4.55 3.17 3.04 -.27 4.51
2.48 6.29 5.68 2.52 8.32
2.75 3.04 1.87 -1.79 3.20
2.13 3.85 5.84 -3.36 6.17
4.40 4.75 2.48 -3.36 4.32
6.97 4.27 2.80 -1.59 5.03
7.64 5.74 4.48 -3.77 6.40
5.57 4.56 3.38 -1.57 5.64
8.11 5.07 2.93 -1.87 5.76
Age Gr. Tr. Pos. SAE SCE
Mean SD Mean
1 1.
2 2.
3 2.
4 4.
5 5.
6 3.
7 6.
8 7.
1 2.
2 3.
3 4.
4 5.
5 5.
6 6,
7 7.
8 4.
1 2.
0 4.
3 3.
4 6.
5 6.
6 6.
7 4.
8 6.
1 2.
2 4.
3 4.
4 8.
5 7.
.78 -1.13
2.05 -3.05
1.63 -3.28
3.52 -3.31
3.97 ••*2 ,'64
3.11 -4.36
4.63 -1.28
6.11 4.27
1.64 -.81
3.16 -1.31
4.08 -.56
4.68 -.47
3.71 -1.09
5.16 .57
7.62 .98
3.75 1.26
1.25 -.86
2.13 -3.13
2.54 -2.07
4.39 -3.33
4.36 -3.94
5.91 -4.30
3.73 -1.46
7.68 -1.08
1.51 -.78
2.08 -3.12
2.02 -3.04
.2.94 -5.93
5.86 -3.80
23
52
61
70
10
55
59
58
01
08
78
69
31
19
42
11
22
06
08
17
32
81
41
04
42
59
93
28
10
TAE TCE
SD Mean SD Mean SD
1.25 3.04 3.
3.06 2.83 2.
3715 2.11 1.
6.06 3.78 3.
6.58 5.56 3.
4.83 4.04 2.
8.28 6.16 4.
9.97 6.37 6.
2.54 2.75 2.
3.79 2.81 2.
5.42 2.77 1.
5.84 5.00 4.
6.28 5.12 4.
8.16 5.68 5.
8.86 6.20 5.
5.73 8.25 6.
2.50 2.80 1.
3.46 3.34 2.
3.50 3.57 2.
7.01 5.16 3.
6.70 5.81 4.
8.11 6.85 5.
5.76 5.42 4.
9.92 6.07 7.
2.85 3.08 3.
4.11 5.56 4.
4.56 5.24 2.
6.76 7.15 3.
8.62 6.22 4.
2.27 4.40
.56 3.89
-.14 2.83
-1.74 5.13
-.57 6.95
1.26 4.94
-.97 8.01
-2.10 8.76
-.44 3.93
-1.28 3.45
-1.67 3.02
-4.03 5.24
-4.36 5.59
-2.95 7.30
-3.57 7.70
-2.55 10.52
-.45 3.46
-.28 4.14
-1.86 3.94
-1.42 6.37
-4.70 5.84
-4.77 7.81
-3.66 6.22
-2.99 9.59
-.65 4.40
.92 7.27
-2.55 5.64
-5.35 6.01
-3.99 6.49
85
56
76
72
78
84
79
05
69
30
92
21
81
22
55
49
87
19
27
64
60
84
58
81
04
42
93
34
10
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Age Gr. Tr. Pos. SAE SCE
Mean SD Mean SD
6 7.07
7 5.58
8 5.29
1 1.48
2 2.79
3 3.62
4 6.04
5 7.15
6 5.99
7 8.22
8 4.96
1 2.17
2 3.24
3 3.06
4 5.83
5 4.47
6 4.93
7 4.24
8 4.08
1 1.44
2 2.12
3 3.25
4 4.28
5 4.09
6 3.25
7 7.38
8 5.32
1 1.85
2 3.41
.70 -3.47 8.01
,46 -2.81 7.46
. 66 -3.13 5.80
.80 -.83 1.52
.03 -1.75 3.06
.24 -2.06 4.52
.36 -5.69 5.77
.45 -2.82 9.23
.46 -4.46 6.13
.81 -2.74 12.02
.77 3.27 5.45
.12 -1.41 2.07
.47 -3.21 2.52
.66 -2.74 3.02
.43 -3.97 5.66
.85 -2.33 4.93
.36 -2.21 5.78
.59 -.50 5.72
.52 1.33 5.38
.29 -.65 1.87
.54 -.02 2.71
.80 -.73 3.80
.76 -1.50 5.04
.57 .18 5.02
.43 .89 5.53
.26 -2.30 12.65
.86 2.17 7.06
.78 .53 2.59
.14 -.51 4.74
4
5
3
2
3
5
4
4
8
3
1
2
2
3
2
3
3
3
1
1
1
2
2
4
10
4
1
3
TAE TCE
Mean SD Mean SD
7.06 4.72 -3.72 7.
7.15 4.92 -4.15 7.
3.80 3.76 -.33 5.
3.92 4.53 -1.94 5.
2.85 2.33 .61 3.
3.72 2.91 -.75 4.
4.80 2.92 -4.45 3.
6.26 4.77 -4.29 6.
5.88 5.33 -4.30 6.
5.03 4.94 -.02 7.
7.79 8.31 -1.95 11.
1.98 1.60 .04 2.
2.07 1.69 -1.88 1.
4.33 3.19 -.91 5.
5.50 3.22 -3.64 5.
5.04 3.17 -2.91 5.
4.91 3.24 -1.77 5.
4.43 3.50 -2.73 5.
3.91 3.01 -1.25 4.
2.45 2.65 .65 3.
3.30 3.48 1.71 4.
2.50 1.81 .58 3.
3.75 3.05 -.11 4.
4.03 2.48 -.51 4.
4.94 4.05 .64 6.
7.20 10.34 -3.99 12.
2.96 4.10 -.94 5.
2.22 1.83 -.42 2.
5.06 6.12 -1.83 7.
89
86
48
79
75
82
49
77
80
25
87
63
93
39
41
38
82
07
94
60
57
14
99
89
56
12
05
94
89
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Age
11 SO 1
,Pos. SAE
Mean SD
SCE
Mean SD
TAE
Mean SD
TCE.
Mean SD
3 5.75 2.87 -2.77 6.04 5.81 6.12 -1.69 8.47
4 3.83 3.04 -2.99 3.95 5.54 4.67 -1.64 7.28
5 5.90 4.56 -.21 7.71 3.78 3.21 -.69 5.06
6 2.95 2.18 -1.66 3.37 4.17 3.33 -1.01 5.41
7 4.43 5.58 -3.13 6.75 2.91 2.77 -2.58 3.12
8 7.64 6.35 -.17 10.26 6.28 3.56 -1.04 7.44
1 1.79 1.13 .75 2.05 3.30 2.90 .87 4.43
2 2.22 1.25 -1.04 2.41 5.05 5.38 2.19 7.20
3 4.38 4.14 -4.25 4.30 3.52 3.24 .37 4.91
4 3.37 2.24 -.78 4.12 3.88 3.96 -3.15 4.62
5 4.53 3.99 -4.35 4.21 3.37 3.24 -3.25 3.37
6 5.31 3.91 -4.66 4.81 4.80 3.74 -4.80 3.74
7 6.80 3.65 -1.44 7.90 5.51 3.46 -2.38 6.28
8 6.95 5.26 5.07 7.26 5.99 4.17 -.54 7.54
1 1.16 1.10 -.27 1.62 4.82 4.68 1.69 6.68
2 2.74 1.63 .14 3.32 2.82 1.94 -.74 3.46
3 3.31 5.08 1.35 6.00 1.19 1.26 -.42 1.72
4 3.05 2.20 -2.32 3.03 4.25 3.83 -3.03 4.96
5 5.11 3.37 -.62 6.32 3.96 3.37 -.02 5.36
6 3.37 3.88 -2.07 4.79 5.12 4.09 -2.24 6.35
7 4.32 4.17 -.36 6.17 2.51 2.37 -1.36 3.25
8 5.20 3.00 -.05 6.25 3.59 3.50 1.91 4.75
1 2.83 2.34 1.06 3.63 2.81 2.80 1.24 3.86
2 1.49 .99 -.35 1.82 2.69 2.17 . 46 3.54
3 3.22 2.00 -1.94 3.37 3.34 2.39 -.16 4.26
4 3.89 2.68 -1.72 4.56 5.62 3.42 -.84 6.78
5 4.81 3.60 -2.85 5.44 3.45 2.54 -3.34 2.69
6 4.61 2.24 -3.25 4.11 4.23 2.14 -1.85 4.55
7 2.94 2.38 -1.27 3.67 2.78 2.28 -2.78 2.28
8 5.88 2.42 1.50 6.46 4.74 2.62 -1.54 5.40
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Age.Gr, Tr. Pos. SAE SCE
Mean SD Mean
1 1.
2 3.
3 4.
4 2.
5 3.
6 4.
7 6.
8 4.
1 2.
2 2.
3 5.
4 4.
5 4.
6 1.
7 5.
8 6.
1 2.
2 4.
3 4.
4 3.
5 2.
6 4.
7 4.
8 3.
1 2.
2 2.
3 4.
4 6.
5 5.
1.43 -.93
1.84 -.51
3.34 -3.90
1.70 -1.18
3,55 -2.62
4.36 -3.71
3.81 -1.91
4.03 -.80
1.60 .12
1.87 -.53
2.75 -1.54
2.35 -3.12
2.24 -3.06
1.58 -.08
3.28 1.65
5.56 4.64
1.38 .21
2.72 .33
3.03 -2.31
2.71 -1.39
2.77 -.87
3.06 2.61
3.76 1.42
2.73 1.71
1.38 .32
1.84 -.34
2.34 -1.14
2.66 -3.54
3.89 -2.47
66
32
09
69
59
72
29
87
22
92
42
98
69
87
79
58
53
69
24
50
47
10
67
62
28
64
14
19
62
s SD
TAE
Mean SD
TCE
Mean SD
2.02 3.72 3.50 -3.53 3.72
3.92 3.06 2.37 -1.48 3.68
3.58 2.59 2.21 -1.99 2.82
3.07 3.58 2.25 -3,10 3.29
4.39 4.28 3.81 -2.87 5.08
5.33 4.38 3.73 -.53 5.33
7.36 5.34 5.17 -1.05 7.56
6.48 4.01 3.96 -1.06 5.69
2.83 6.72 5.52 2.74 8.52
3.55 4.11 3.79 1.62 5.50
6.13 2.09 1.49 .07 2.66
4.72 3.80 1.92 -1.90 3.96
4.37 5.20 2.63 -2.63 5.41
2.52 4.06 2.49 -3.62 3.15
6.71 4.46 3.29 1.30 5.57
7.42 4.03 1.97 .49 4.65
3.00 3.19 2.62 .49 4.32
5.63 3.77 3.12 2.00 4.59
4.82 3.50 2.30 .22 4.35
4.34 3.00 2.69 1.49 3.84
3.68 3.52 4.08 -2.58 4.81
4.53 2.95 2.09 -.08 3.75
6.01 4.52 2.72 -.34 5.48
4.34 5.36 2.75 .49 6.26
2.75 2.73 1.91 -1.10 3.25
3.32 4.13 3.09 .42 5.32
4.80 4.15 2.90 -1.08 5.13
5.98 7.82 3.37 -2.15 8.62
6.60 5.74 5.71 -.37 8.31
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Age Gr. Tr. Pos. SAE
Kean SD Mean
11 SO 8 6 6.
7 5.
8 5.
19 EPO 1 1
2 2.
3 3.
4 4.
5 5.
6 3.
7 4.
8 2.
2 1 1 .
2 2.
3 2.
4 2.
5 3.
6 5.
7 5.
8 4.
3 1 1 .
2 3.
3 3.
4 2.
5 2.
6 3.
7 3.
8 3.
4 1 1 .  
2 2.
5.21 -4.55
4.18 -1.45
5.64 4.49
1.26 -.59
2.89 -2.29
2.61 -2.74
2.44 -4.44
2.66 -4.49
2.94 -2.82
2.44 -1.64
2.18 .14
1.58 -.40
1.34 -.91
2.13 -2.10
2.67 -2.70
3.71 -2.31
3.78 -2.89
3.74 -2.33
2.62 -1.19
.74 -.28
1.32 -.46
1.77 -.86
2.55 -1.09
2.10 -1.28
2.16 -.60
2.05 -.02
2.43 1.15
2.60 1.60
2.31 -.78
21
89
97
90
47
25
58
07
91
18
51
80
19
47
81
64
34
99
36
12
21
41
84
70
31
28
64
89
01
TAE TCE
SD Mean SD Mean SD
6.77 5.65 5.19 -1.77 7.67
7.33 4.08 4.00 -3.02 4.93
7.00 4.64 1.49 .38 5.10
1.45 2.75 4.03 1.31 4.76
3.05 2.50 2.22 .43 3.42
3.19 3.04 .1.79 -1.17 3.46
2.72 3.42 2.62 -.93 4.35
3.64 3.62 2.24 -2.34 3.67
4.10 5.08 3.31 .14 6.29
4.73 4.93 4.64 .24 6.97
3.43 4.72 5.32 .95 7.22
2.43 2.31 1.75 . .71 2.90
2.50 2.67 1.32 -1.33 2.78
2.54 3.63 2.14 -.61 4.34
2.80 3.37 2.82 -1.50 4.25
3.71 4.29 2.01 -2.21 4.36
6.05 4.94 3.91 -1.28 6.37
6.91 5.43 3.54 -2.18 6.33
5.14 3.97 3.93 .31 5.73
1.45 1.45 1.56 .43 2.13
3.60 2.13 1.43 -1.34 2.25
3.91 3.19 2.52 -2.20 3.50
3.77 4.93 2.73 -1.92 5.51
3.27 4.12 2.93 -1.53 4.99
4.06 3.81 1.94 -1.15 4.29
4.02 5.15 3.37 .57 6.36
4.38 6.13 4.29 1.72 7.54
3.08 2.94 3.27 -2.03 3.96
3.02 3.77 4.42 -2.93 5.07
Age Gr. Tr. Pos. SAE SCE
Mean SD Mean
3 2.
4 2.
5 3.
6 3.
7 3.
8 3.
1 •
2 1.
3 3.
4 3.
5 4.
6 5.
7 5.
8 6.
1 1.
2 2.
3 3.
4 4.
5 4.
6 5.
7 4.
8 3.
1 2.
2 4.
3 4.
4 3.
5 2.
6 4.
7 4.
8 3.
.98 -.35
2.03 .05
3.84 -1.59
3.82 .03
2.22 1.19
2.34 .83
1.20 .00
1.32 -1.32
1.35 -2.52
2.75 -1.98
2.49 -1.42
3.60 .62
4.46 1.86
5.38 3.42
1.38 -.44
1.91 -2.53
2.52 -2.01
2.65 -4.02
2.94 -1.68
3.72 .63
3.40 -.17
3.24 2.14
1.38 .21
2.72 .33
3.03 -2.31
2.71 -1.38
2.77 -.87
3.06 2.61
3.76 1.42
2.73 1.71
21
02
80
54
57
65
97
55
35
73
19
00
12
16
74
83
78
02
11
30
96
86
53
69
24
50
47
10
67
62
TAE TCE
SD. Mean SD Mean SD
2.50 2.96 2.
2.94 3.40 2.
5.30 3.32 2.
5.34 3.47 2.
4.19 4.30 2.
4.41 6.73 2.
1.57 2.44 2.
1.58 2.76 2.
2.67 2.38 2.
4.32 4.58 2.
4.84 4.09 2.
6.35 4.44 3.
6.72 4.15 3.
7.63 2.04 1.
2.24 3.26 2.
2.32 3.36 2.
4.21 3.02 2.
2.65 2.67 2.
4.93 2.77 2.
6.68 4.50 3.
6.24 5.01 3.
4.69 4.01 2.
3.00 3.19 2.
5.63 3.77 3.
4.82 3.50 2.
4.34 3.00 2.
3.68 3.52 4.
4.53 2.95 2.
6.01 4.52 2.
4.34 5.36 2.
-1.94 3.23
-2.35 3.27
-2.75 3.36
-2.33 3.67
-2.36 4.71
-1.73 7.39
-.97 3.25
-1.48 3.49
-1.19 3.03
-3.17 4.47
-4.08 2.92
-3.91 3.87
r-2.75 4.49
-1.32 2.50
.94 3.92
.14 4.60
-1.65 3.76
-2.56 2.60
-1.67 3.17
-3.93 4.61
-3.60 4.18
-2.43 4.48
.49 4.23
2.00 4.59
.22 4.35
1.49 3.84
-2.58 4.81
-.08 3.75
-.34 5.48
.49 6.26
22
00
72
47
80
74
23
49
11
80
91
17
07
89
13
93
65
48
23
98
59
95
62
12
30
69
08
09
72
75
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Age Gr. Tr. Pos. SAE SCE
Mean SD Mean
19 EPO 8 1 2 .
2 2 .
3 4.
4 6.
5 5.
6 6.
7 5.
8 5.
TO 1 1 1.
2 2.
3 1.
4 2.
5 3.
6 3.
7 3.
8 4.
2 1 1 .  
2 1.
3 2.
4 3.
5 3.
6 3.
7 3.
8 3.
3 1 2 .
2 2 .
3 3.
4 2.
5 3.
1.38 .32
1.84 -.34
2.34 -1.14
2.66 -3.54
3.89 -2.47
5.10 -4.55
4.18 -1.45
5.64 4.49
1.28 -.85
1.23 -.83
1.38 -1.18
2.42 -2.03
2.85 -2.65
2.68 -1.84
2.52 -2.28
2.61 1.07
1.20 -.13
1.11 -.14
1.33 .63
1.62 .12
3.12 1.81
3.89 .20
3.85 1.19
4.08 2.16
1.64 .17
1.12 -.68
2.58 -.37
2.17 -.93
2.24 -.73
28
64
14
19
62
21
89
97
82
12
83
71
49
72
16
11
69
84
23
10
99
57
46
52
15
32
05
74
58
TAE TCE
SD Mean . SD Mean.. SD
2.75 2.73 1.
3.32 4.13 3.
4.80 4.15 2.
5.98 7.82 3.
6.60 5.74 5.
6.77 5.65 5.
7.33 4.08 4.
7.00 4.64 1.
2.13 1.64 1.
2.40 1.70 1.
2.02 1.54 1.
3.07 2.89 2.
3.72 3.31 2.
4.34 4.00 2.
3.42 3.58 2.
4.93 4.29 2.
2.15 2.81 4.
2.23 2.84 3.
2.62 3.11 3.
3.64 3.37 1.
4.88 3.72 2.
5.40 2.69 2.
5.16 2.47 2.
5.03 2.41 1.
.80 3.80 4.
2.60 3.30 3.
4.10 3.33 3.
3.47 2.86 2.
4.33 3.45 2.
-1.10 3.25
.42 5.32
-1.08 4.13
-2.15 8.62
-.37 8.31
-1.77 7.67
-3.02 4.93
.38 5.10
-.50 2.15
-.92 1.93
-1.31 1.68
-2.21 3.03
-2.47 3.78
-1.71 4.50
-2.18 3.74
.72 5.04
.98 5.07
.86 4.56
1.51 4.56
.39 4.05
1.54 4.64
-.67 3.57
.19 3.40
1.04 2.67
1.31 5.82
.79 4.89
-.09 -4.79
-.80 3.76
-.86 4.08
91
09
90
37
71
19
00
49
39
20
46
32
97
38
26
34
14
55
54
99
96
28
20
38
44
54
25
39
05
Age Gr. Tr. Pos SAE
Mean SD Mean
19 TO 3 6
7
8
4 1 
2
3
4
5
6
7
8
5 1 
2
3
4
5
6
7
8
6 1 
2
. 3
4
5
6
7
8
7 1
2
.27 4.47 -.78
.59 3.67 1.31
.11 4.90 2.82
.90 1.29 -.26
.48 1.77 .24
.03 2.08 -.60
.73 2.68 -.80
.74 3.25 1.25
.43 4.86 2.61
.19 3,75 1.89
.89 4.69 2.41
.43 .77 -. 66
.93 1.42 -.54
.38 1.00 -1.32
.65 1.57 -1.84
.76 3.41 -.54
.11 3.62 -.42
.15 2.20 -.27
.35 3.94 1.53
.01 .87 -.40
.00 .68 -.42
.52 1.12 -.85
.21 1.52 -.26
.60 1.90 -.76
.10 3.68 -2.34
.62 2.94 -1.59
.91 3.91 -.46
.85 2.01 .32
.46 1.17 " -1.06
4
4
5
1
1
2
2
3
5
5
3
1
1
2
2
2
3
3
5
1
1
1
2
2
5
3
3
1
1
SCE TAE TCE
SD Mean SD Mean SD
6.29 3.99
5.91 3.36
6.65 3.72
2.37 3.00
2.35 2.28
2.92 3.00
3.84 3.13
4.93 3.34
6.98 4.46
6.33 4.39
5.69 2.79
1.54 .38
2.42 1.66
2.63 1.98
2.55 1.91
4.45 3.49
4.86 3.51
3.97 3.42
6.69 4.99
1.31 1.32
1.17 1.36
1.74 1.65
2.77 2.45
3.24 2.83
6.03 4.55
4.51 3.26
5.66 3.55
2.78 2.51
1.57 1.50
4.08 -1.07
2.43 .08
3.29 1.43
4.24 .83
4.09 1.04
4.58 .36
3.46 -.41
2.51 .85
3.49 1.65
2.36 1.09
2.80 1.31
2.35 1.79
1.32 -.09
1.03 -.38
1.57 -1.10
3.21 -1.27
3.69 -1.36
2.06 -.72
4.11 .48
.95 .08
.99 -.83
1.04 -1.21
1.78 -.35
2.05 -1.13
3.89 -1.63
3.15 -1.18
4.15 -.82
2.26 .05
1.11 -.95
5.75
4.29 
4.89
5.22 
4.62 
5.55
4.76
4.23 
5.59 
5.06 
3.82
1.44
2.19
2.29 
2.28 
4.70 
5.03 
4.08 
6.65
1.68
1.51 
1.57 
3.11 
3.42 
5.93
4.49
5.52
3.49 w
Age Gr. Tr.’.Pos. SAE
Mean SD Mean
3 2.
4 3.
5 3.
6 4.
7 4.
8 4.
1 1.
2 2.
3 1.
4 2.
5 2.
6 2.
7 3.
8 4.
1 1.
2 2.
3 3.
4 3.
5 2.
6 4.
7 3.
8 2.
1 1.
2 2.
3 3.
4 2.
5 2.
6 2.
7 3.
2.13 -1.48
2.96 -1.59
2.73 -1.61
3.04 -1.17
3.90 -1.25
2.22 .68
.88 -1.02
1.50 -.67
1.58 -1.00
1.63 -1.82
2.39 -.93
2.61 -.68
3.08 -.84
3.42 .17
1,14 -.25
2.23 -. 64
3.07 .36
1.52 1.27
2.07 1.84
3.74 2.38
4.14 1.78
2.45 2.20
1.13 -.68
2.15 -1.05
2.29 -1.28
1.96 -1.19
1.71 -.02
1.83 -.77
2.55 .53
85
25
64
11
18
19
56
32
62
08
91
16
32
25
23
37
05
00
82
00
11
87
26
37
01
82
37
41
32
TAE TCE
SD Mean SD Mean SD
3.34 
4.21
4.34 
5.15 
5.74 
4.89
1.53
2.78
2.08
1.92
3.76
3.39
4.58 
5.64
1.17
3.28
4.43
3.25
3.06
5.04
4.94
3.13
1.59 
3.11 
3.67
3.34 
3.03 
3.02 
4.30
2.20
3.25
3.31
4.53 
4.19 
4.03
1.56
2.32 
1.62 
2.06 
2.91 
2.16
3.32
4.25
1.87
3.05
3.32 
3.58
2.64
3.54 
2.01
2.45
1.67
2.72
2.46 
2.41 
1.83
2.64 
3.23
1.74
2.92
2.83 
2.98
3.84
2.47
.88
1.50
1.58
1.63
2.39 
2.61
3.08 
3.42
2.27
3.97
3.52
1.89
1.48 
3.18 
2.68
2.08
1.54
2.69
2.39
1.63 
1.20 
2.07 
1.77
- 1.86
-1.67
- 1.20
-.53
-1.45
.44
- 1.02
-.67
- 1.00
-1.82
-.93
-.68
-.84
.17
.59
.81
1.00
1.03
1.74
2.42
.26
1.07
-.17
.32
.33
.07
.04
- 1.86
- 1.11
2.14
4.14 
4.31 
5.61
5.65 
4.89
1.53
2.78
2.08
1.92 
3.76 
3.39 
4.58 
5.64
2.94
5.03
4.85 
4.07 
2.57 
4.19 
3.41 
3.12
2.33
3.93 
3.51 
3.02 
2.27
2 . 8 6
3.66
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Age Gr. Tr. Pos. SAE SCE
Mean SD Mean
8 3.
1 1.
2 1.
3 1.
4 2.
5 2.
6 3.
7 4.
8 3.
1 1.
2 1.
3 3.
4 2.
5 2.
6 3.
7 3.
8 3.
1 1.
2 1.
3 2.
4 3.
5 2.
6 2.
7 2.
8 3.
1 1.
2 1.
3 2.
2.25 2.30
1.27 .58
1.29 .17
1.48 -.60
2.45 -.09
2.01 .24
2.30 .29
3.30 .21
2.98 2.12
.77 .31
1.67 -.23
2.33 -.64
1.58 -.45
2.41 -1.42
3.42 -.29
2.57 -1.18
2.21 .62
1.22 .29
1.45 -.34
2.02 -1.65
2.60 -2.58
2.18 -2.02
1.55 -1.32
1.99 -1.85
2.39 -.72
1.02 -.11
1.30 -.03
1.83 -. 66
04
81
56
72
69
51
50
44
50
21
91
21
84
90
15
67
27
52
51
57
14
58
14
99
70
02
47
30
TAE TCE
SD Mean SD Mean . SD
3.07 3.64 2.42 .19 4.54
2.25 1.94 1.90 .68 2.70
2.08 2.10 2.75 .71 3.45
2.26 1.36 1.81 .26 2.29
3.75 3.02 2.90 -.15 4.30
3.31 2.85 2.35 -.23 3.80
4.33 3.32 1.98 .19 4.02
5.72 3.49 2.15 .78 4.17
4.19 3.70 2.54 .68 4.60
1.46 1.88 2.73 -.22 3.37
2.60 2.61 2.70 -.93 3.73
4.05 3.13 2.48 -.64 4.07
3.35 2.79 1.73 -.19 3.41
3.59 1.85 1.69 -.85 2.42
4.76 3.49 2.63 -.43 4.50
4.47 3.14 1.19 -.66 3.78
4.04 3.26 2.22 .63 4.03
1.99 2.11 1.31 -.53 2.52
2.12 1.48 1.43 -.32 2.09
2.89 2.30 1.79 -1.31 2.68
3.21 2.12 2.26 -1.57 2.72
2.76 2.77 2.12 -2.12 2.76
2.36 2.69 1.97 -1.86 2.82
3.18 3.19 2.03 -2.05 3.28
4.51 3.50 2.84 -.33 4.64
1.48 1.63 1.39 -.13 2.21
2.03 2.29 1.77 .82 2.86
2.87 1.96 1.81 -.02 2.75
Age Gr. Tr. Pos.
Mean SD Mean
4 2.
5 3.
6 2.
7 2.
8 3.
1 1.
2 1.
3 1.
4 2.
5 1.
6 1.
7 2.
8 3.
1 1.
2 1.
3 1.
4 1.
5 2.
6 2.
7 2.
8 2.
1.54 -.24
1.50 -1.45
2.16 -1.95
1.50 .56
1.31 1.49
1.86 .62
1.18 -.38
1.14 -.75
.1.62 .28
1.43 .00
.83 -.14
2.51 1.20
2.48 1.67
.85 -.82
.98 -1.02
1.17 -1.50
1.12 -1.08
1.51 -.28
1.64 .77
2.24 1.03
3.37 2.49
46
08
61
24
77
53
60
99
37
94
54
33
14
50
31
98
53
03
96
69
92
SCE TAE TCE
SD Mean . SD Mean . . SD
3.01 3.29 1.
3.24 2.56 1.
2.83 2.30 2.
2.73 1.80 1.
3.88 3.02 1.
2.38 1.80 1.
2.02 2.43 1.
2.25 2.28 2.
2.96 2.00 1.
2.50 1.74 1.
1.82 2.02 1.
3.28 2.13 2.
3.74 2.05 1.
1.57 1.51
1.31 2.14
1.80 1.74 1.
1.60 1.76 1.
2.60 2.00 1.
3.43 2.28 2.
3.45 2.86 2.
3.73 2.64 3.
.52 3.60
-.96 3.08
-1.91 2.69
-.70 2.12
.00 3.61
.37 2.52
.50 3.08
.82 3.28
-.14 2.82
.23 2.17
.50 2.72
.54 2.95
-. 34 2.58
-1.16 1.25
-1.37 1.59
-.69 2.03
-.31 2.49
.88 3.05
.68 3.55
2.00 3.57
10
80
33
20
70
69
78
38
87
18
77
01
46
74
13
10
36
10
01
08
339
340
Table D-ll
4 x 3 x 4 x 8 ANOVA for Spatial AE and CE
Source df AEMS
AE
F
CE
MS
CE
F
Age (A) 3 22485.28 69.62* 1905.45 13.34*
Group (G) 2 61.25 .19 ' 1436.24 10.06
A  x G 6 228.98 .71 47.08 .32
Subj(A x G) 108 322.96 12.77* 1428.27 4.26*
Trial (T) 3 8.81 .20 71.75 .76
A x T 9 67.42 7.18* 18.59 .42
G x T 6 21.15 .47 197.11 2.10*
A x G x T 18 30.88 .69 82.05 .87
Subj ( A x  G ) x T 324 44.72 2.46* 93.95 2.80*
Position (P) 7 1975.66 36.33* 1603.74* 23.15*
A x P 21 348.82 6.42* 2489.30 25.35*
G x P 14 2.25 .04 143.75 2.70*
A x G x P 42 30.20 .56 85.51 1.23
Subj (A x G) x P 756 54.37 2.99* 69.36 2.07
T x P 21 18.80 1.03 33.51 .89
A x T x P 63 20.67 1,14 34.01 1.13
G x T x P 42 74.76 .81 37.25 1.24
A x G x T x P 126 20.31 1.12 36.61 1.17
Subj (A x 3) x T x P 2268 18.31 30.07
£ . 05
341
Table 'D-12
4 x 3 x 4 x 8 ANOVA for Temporal AE and CE 
During the First Four Trials of Transfer 
(effects different from Spatial error)
Source df AEMS
AE
F
CE
MS
CE
F
Position (P) 7 229.04 4.77* 287.42 5.91*
Age (A) x P 21 to to 00 .83 66.40 1.36
Group (G) x P 14 95.83 20.00* 113.69 2.34*
A x G x P 42 60.74 1.27 175.88 3.62*
Subj (A x G) x P 756 47.98 1.73* 82.67 1.07*
Trial (T) x P 21 25.33 .94 77.47 1.59*
A x T x P 63 29.44 1.09 42.59 .83
G x T x P 42 21.84 .81 65.17 1.34
A x G x T x P 126 21.47 .30 51.72 1.06
Subj (A x G) x T x P 2263 27.01 48.64
£ Z. .05
342
Table D-13
3 x 3 x 8 x 8 ANOVA for Spatial AE and CE for Transfer
Phase Without 5-Year Olds
„ AE AE CE CE
Source df ^  F MS F
Age (A) 2 3536,31 27.08* 418.41 .99
Group (G) 2 35.31 .27 596.01 1,41
A x G 4 192.50 1.47 222.61 .53
Subj (A x G) 81 130.60 1.16 421.23 26.19*
Trial (T) 7 40.24 2.23* 96.92 2.05*
A x T 14 102.85 .57 57.96 1.23
G x T 14 15.84 .88 72.78 15.43*
A x G x T 28 14.16 .79 63.51 1.35
Subj (A x G) x T 567 13.00 2.02 47.15 2.93*
Position (P) 7 1126.38 50.48 1396.79 10.93*
A x P 14 86.73 3.98* 131.64 1.97*
G x P 14 25.66 1.15 122.94 1.84*
A x G x P 28 23.84 1.07 94.38 1.41
Subj (A x G) x P 567 22.30 2.51* 66.70 4.15*
T x P 49 8.35 .94 11.71 .73
A x T x P 98 9.80 1.10 16.50 1.03
G x T x P 98 7.56 .85 19.56 1.22
A x G x T x P 196 10.08 1.13 23.54 1.46*
Subj (A x G) x T 3969 8.89 16.08
£ ^.05
343
Table D-14
3 x 3 x S x 3 ANOVA for Temporal AE and CE for Taansfer
Phase Without 5-Year Olds 
(effects different from Spatial error)
Source df AEMS
AE
F
CE
MS
CE
F
Position (P) 7 200.85 18.29* 291.65 6.56*
Age (A) x P 0.4 39.29 3.57* 41.19 .93
Group (G) x P 14 42.62 ‘ 3.87* 72,54 1.63
A x G x P 23 30,87 2.80* 83.02 1.87*
Subj(A x G) x P 567 18.08 1.64 44.46 2.04*
Trial (T) x P 49 10.16 .92 1.89 .08
A x T x P 98 11.46 1.04 22.47 1.03
G x T x P 98 10.49 .95 19 .47 .97
A x G x T x P 196 10.90 .99 18.89 .87
Subj (A x G) x T x P 3969 11.01 21.78
£ -05
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Table D-15
4 x 3 x 2 x 8 AITOVA for Spatial AE and CE
for the Last Trial of Learning and the First Trial of Transfer
Source df AE AE • MS F
CE
MS
CE
F
Age (A) 3 9168,14 53,60* 2276.25 3.51*
Group (G) 2 58,12 ,34 541.96 .84
A x G 6 157.35 .92 128.84 .20
Subj (A x G) 108 171.04 11,24* 646.78 2.87*
Trial (T) 1 160.88 2.02 348.79 2.56
A x T 3 163.93 2.05 260.34 1.91
G x T 2 10.05 .62 430.39 3.16*
A x G x T 6 9.24 ,12 130.79 .96
Subj (A x G) x T 108 79,63 5.23* 136.16 3.49*
Position (P) 7 393.50 28.02* 1195.16 6.04*
A x ? 21 265.54 8.33* 1256.00 32.21*
G x P 14 11.06 ,35 40.57 1.04
A x G x P 42 13.31 ,42 45.60 1.17
Subj(A x G) x P 756 31.88 2.10* 38.98 1.73
P x T 7 29,49 1.94 143,70 6.37*
A x P x T 21 15,13 1.00 31,20 1.38
G x P x T 14 27.39 1.33* 30,70 1.36
A x G x P x T 42 16,80 1.10 28.76 1.28
Subj (A x G) x P x T 756 15.21 22,53
£ 4.,05
Table D-16
4 x 3 x 2 x 8 ANOVA for Temporal AE and CE for
the Last Trial of Learning and the First Trial of Transfer
(effects different from Spatial error)
Source df AEMS
AE CE 
F MS
CE
F
Position (P) 7 221.80 7.17* 221.92 4.16*
Age (A) x P 21 59.67 1,93* 59 ,30 1.11
Group (G) x P 14 26.95 .87 119 .61 2.24*
A x G x P 42 21.63 .70 106.50 1.21
Subj (A x G) x P 756 30.93 1.16 53.31 1.20
P x Trial (T) 7 37.81 1.42 87.65 1.98*
A x P x T 21 37,51 1.41 45.78 1.04
G x P x T 14 29.65 1.11 45.05 1.02
A x G x P x T 42 16.76 .63 52.33 1.19
Subj (A x G) x P x T 756 26.61 44.14
£ ^.05
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Table D-17
4 x 3 x 2 x 8 ANOVA for Spatial AE and CE for
the Fourth Trials of Training and Transfer
Source df AEMS
AE
F
CE
MS
CE
F
Age (A) 3 3545,58 67.27* 656.42 1.14
Group (G) 2 31,62 .25 363,42 .63
A x G 6 232.08 1.83 209.43 .37
Subj (A x G) 108 127,02 6,17* 573.63 19.10*
Trial (T) 1 43.03 ,91 131.66 1.11
A x T 3 168.03 3.56* 71.18 .60
G x T 2 9.95 .21 15.03 .13
A x G x T 6 43.57 .92 359.01 3.04*
Subj (A x G) x T 108 47,22 2.29* 118.13 3.93*
Position (P) 7 880,66 29.23* 1258.57 28.87*
A x P 21 126.68 4. 20* 904.60 20.75*
G x P. 14 10.26 .34 67.68 1.55
A x G x F 42 14.25 .47 57.84 1.33
Subj (A x G) x p 756 30.13 1.46 43.59 1.45
P x T 7 37.67 1.33 58.06 1.93
A x P x T 21 31.09 1.51 63.35 2.11*
G x P x T 14 13.83 .67 34.40 1.15
A x G x P x T 42 26.81 1,30 29,91 1.00
Subj (A x G) x P x T 756 20,59 30,03
£  4. .05
347
Table D-1S
4 x 3 x 2 x 3 ANOVA for Temporal AE and CE for 
the Fourth Trials of Training and Transfer 
(effects different from Spatial error)
Source df AE,MS
AE
F
CE
MS
CE
F
Position ' (P) 7 137,26 40.32* 279,34 5.00*
Age (A) x P 21 23.79 ,70 56.95 1.02
Group (G) x P 14 58.68 1.72* 46.19 .83
A x G x P 42 29.60 .87 73.39 1.31
Subj (A x G) x P 756 34.04 1.35 55,87 1.12
P x Trial (T) 7 21.68 .86 49.00 .98
A x P x T 21 21.85 .87 28.10 .56
G x P x T 14 23.45 .93 42.68 .68
A x G x P x T 42 22.37 .89 47.99 .96
Subj (A x G) x P x T 756 25.14 49.81
£ i= - 05
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Table D-19
3 x  3 x 2 x 8 ANOVA for Spatial AE and CE for
the Eighth Trials of Training and Transfer
Source df AEMS
AE
F
CE
MS
CE
F
Age (A) 3 835,46 16,99* 123.03 .83
Group (G) 2 10.96 .22 43.84 .37
A x G 4 35.68 .73 149.12 1.13
Subj (A x G) 81 49.15 4.26* 131.90 6.48*
Trial (T) 1 73.85 3.15* 9.89 .13
A x T 3 6.60 .28 9.57 1.22
G x T 2 18.19 .78 64.07 .82
A x G x T 4 8. 37 .38 69 .73 .89
Subj(Ax G) x mu. 81 23.43 2,03* 78.53 3.86*
Position (P) 7 166.05 15.60* 271.78 1.45*
A x P 14 18.98 1.79* 19.41 .82
G x P 14 9.14 .86 23.39 .99
A x G x P 28 5.73 .54 31.71 1.34
Subj (A x G) x P 567 11.61 1,09 23.74 1.34
P x T 7 21.16 1.99* 47.35 2.67*
A x P x T 14 10.55 .99 24.34 .81
G x P x T 14 8.26 .78 22,80 1.29
A x G x P x T 28 5,71 .54 22.17 1.25
Subj (A x G) x P x T 567 10.61 17.71
2 — . 05
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Table D-20
3 x 3 x 2 x 8 ANOVA for Temporal AE and CE for 
the Eighth Trials of Training and Transfer 
(effects different from Spatial error)
Source df AE
MS
AE
F
CE
MS
CE
F
Position (P) 7 47.57 4,12* 83.12 4.08*
Age (A) x P 14 19.13 1,66 15.93 .78
Group (G) x P 14 9,08 .79 31.10 1.53
A x G x P 28 1.00 .09 29.10 1.43
Subj (A x G) x P 567 11.78 1.02 23.60 1.16
P x Trial (T) 7 24.34 2.11* 40.28 1.98*
A x P x T 14 9.43 .82 21.63 1.06
G x P x T 14 11.92 1.03 18.88 .93
A x G x P x T 28 7.06 .61 19.35 .95
Subj (A x G) x P x T 567 11.53 20.34
£  i = . 0 5
Table D-21
4 x 3 x 7  ANOVA for a Measure of Subjective Organization
TRAINING TRANSFER-4 TRIALS TRAINING-8 TRIALS
Source df MS F df MS F df MS F
Age (A) 3 279.75 29.76* 3 147,53 16,67* 2 461.45 26.51*
v;
Group (G) 2 570,78 60,73* 2 166.74 18.83* 2 303.29 17.42*
A x G 6 115.06 12.24* 6 28.45 3,21* 4 49.99 2.87*
Subj (A x G) 108 9.40 5.92* 108 8.85 5.31* 81 17.41 10.27
Trial (T) 6 27.87 17.57* 2 2,42' 1,45 6 2.30 1.36
A x T 18 1.67 1.06 6 3.39 2.03 12 1.02 .60
s.
G x T 12 9.87 6.22* 4 3.25 1.95 12 1.83 1,08
A ^ G x T 36 2.15 1.36 12 1.14 .68 24 1.48 .87
Subj (A x G) x T 486 1.59 216 1.67 486 1.70
E .05
u>
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APPENDIX E 
DESCRIPTIVE ANALYSIS AND 
STATISTICAL SUMMARY TABLES
Table E-l
Means and Standard Deviations for the Age x Group x Position Interaction
-  p Q S _
Age Group it- SAE SICE I SCE SVE
ion Mean SD Mean SD Mean SD Mean SD
1 10.77 11.10 8.61 12.32 8,02 12.76 7.87 8.39
2 9.62 5.80 8,31 6.07 2.65 10.28 8.52 8.26
3 6.81 3.49 4.92 3.65 -1.92 6.02 6.57 4.78
4 11.96 6.40 9 76 5.14 -3,66 10.33 10.72 7.18
5 10.04 5,12 9.14 4.88 -7.00 7.89 7.42 7.46
6 14.55 4.45 13.26 6.14 -12,34 7.99 4.17 2.73
7 16.88 5.64 14.91 6.45 -14.57 7,27 8.85 7.29
8 20.71 9.16 20.03 9.21 -20.03 9.21 7.58 6.64
1 11.59 8.83 10.32 9.53 10108 9.80 10.47 8.35
2 8.58 8.72 7,83 9.12 3.36 11.78 6.24 3.82
3 6.74 5,72 4.95 6.57 2.25 8.05 4.89 4.10
4 9.67 5.88 7.88 7.13 3.53 10.30 8.36 3.15
5 12.01 6.46 8,11 7.03 -2.66 10.71 9.92 7,95
6 13.75 5.35 9.61 5.90 -5.90 9,94 6.57 3.08
7 13.13 6.43 10,42 7.07 -10,25 7.34 8.66 6.65
8 11.49 6.83 10,26 7.87 -8,95 9.49 7.82 3.98
1 6.09 3.26 4.71 4,21 4.53 4.42 5,89 2.61
2 7.03 3.61 6.06 3.65 3.85 6.14 6.45 3.52
3 7.89 3.35 6.21 3.71 .45 7.51 5.76 4.28
4 6.85 3.02 5.57 3.12 -.12 6.65 6.98 4.07
5 8.81 4.75 6.51 5.47 -5.64 6.46 6.49 5.19
6 9.83 5.53 8.03 6,59 -8.03 6.59 6.17 4.76
7 12.08 7.84 9.29 9.11 -9.29 9,11 7.69 5.66
8 15.37 8.05 13.67 : 9,27 -11.68 11.91 9.29 7 17 ^/. X/
to
Ln 
UJ
 
I—
1 
00 
vj 
OM
ji
 
tO
H 
00 
vj
 O
MJ
l 
Ni
 H 
00 
-J 
<T>
 U
i 
W 
to 
M
Age Group Pos. SAE SICE I 5CE SVE
Mean SD Mean SD Mean SD Mean SD
7.63 4,99 5.85 5.32
6.43 3.25 3.86 3.40
7.32 2.21 4.78 2,00
6.57 2.62 4.43 2.74
8.52 5.14 7.82 5.62
12.03 2.98 10.75 4.93
12.56 6.07 12.41 6.24
16.07 6.62 15.70 6.82
5.29 6.93 4.69 7.52
5.05 1.36 3.61 2.27
7.08 3.75 5.62 3.56
7.11 4.43 6.06 5,48
11.29 5.70 9.18 4.77
12.87 4.93 11.60 6.41
14.89 5.37 13.21 7.31
13.22 6.76 11.64 7.19
7.37 5.39 5.85 4.99
5.07 4.27 3.43 4.58
4.30 2.64 2,73 1.81
4.90 2.49 3.47 2.82
6.98 2.64 6.64 3.06
6.60 2.94 5.57 3.67
7.45 5.26 6.19 5.82
11.76 5.89 10.89 6.67
4.86 4.35 3.58 3.85
4.70 2.28 2.35 1.29
5.52 2.27 4.97 2.88
6.10 3.36 4.15 2.33
9.11 4.23 7.34 4.28
3,76 7.11 9.49 7.60
.77 5.24 6,56 4.06
-1.01 5.32 7.15 5.32
-3:24 4.20 6.68 3.16
-7.67 5.85 3.26 2.51
-9.75 6,86 7.00 3.82
-12.41 6.24 6.39 3.21
-15.70 6.82 7.35 5.62
2.29 8.67 5,46 7.13
-1.37 4.18 4.88 2.74
-3.49 5.85 5.24 4.76
-5.91 5.66 4.34 1.94
-6.84 8.80 6.52 6.76
-11.60 6.41 6.54 4.11
-12.69 8.28 7.62 3.99
-11.04 8.17 7.91 5.89
5.55 5.36 6.05 5.02
.70 5.79 5.70 4.62
-.30 3.38 4.44 2.98
-3.13 3.24 4.46 2.81
-5.86 4.49 4.34 2.51
-5.57 3.67 5.09 3.02
-6.13 5.84 6.82 3.48
-8.51 9.79 7.69 3.37
1.95 4.99 6.04 7.76
-.39 2.76 5.17 3.48
-.35 5.97 4.32 1.58
-2.96 3.85 5.86 1.40
-6.64 5.40 6.07 5.20
Age Group Pos. SAE
Mean SD Mean
11
19
6 9.21 5.84 8.25
7 9.50 5.39 3.09
8 8.19 4.93 7.05
1 3.50 2.53 2.83
2 3.02 1.41 2.47
3 4.25 1.70 3.13
4 4.24 2,05 2.93
5 3,47 .96 2.81
6 6.02 2.38 4.53
7 4.42 1.61 2.58
8 4.08 3.17 3.22
1 2.76 .99 2.27
2 2.85 1.73 2.01
3 3.89 2.43 2.44
4 5.86 3.23 5.21
5 6.05 3.00 5.89
6 7.90 5.76 7.80
7 7.19 3.81 6.36
8 9.13 4.87 8.17
1 2.62 1.54 1.87
2 3.82 2.59 2.33
3 3.48 1.22 2.61
4 5.36 3.26 3.44
5 5.24 2.19 4.34
6 6.03 2.70 5,01
7 5.65 2.38 4.59
8 6.42 4.01 5.63
1 2.98 .97 2,42
2 2.72 1.06 1.88
SlCEl SCE SVE
SD Mean SD Mean SD
6.69 -8.04 • 6.
6.08 -8.03 6.
5.28 -6.25 6.
2.28 1.59 3.
1.74 .83 3.
2.06 1.44 3.
1.91 -.76 3.
1.13 -.90 3.
3.40 -3.13 4.
2.03 -1.56 2.
3.37 -2.00 4.
1.35 -1.36 2.
1.79 -1.51 2.
2.91 -2.19 3.
3.93 -4.32 4.
3.22 -4.76 4.
5.87 -6.84 7.
4.36 -4.88 6.
5.84 -3.80 9.
1.33 1.27 1.
2.10 1.02 3.
1.81 -1.30 2.
2.24 -1.16 ■4.
2.46 -2.99 4.
2.98 -4,12 4.
2.90 -3.71 4.
4.64 -4,68 5.
1.30 1.65 2.
.95 .74 2.
4.24 2.42
6.08 4.0Q
6.75 3,58
3.56 3.12
3.07 1.18
3.53 2.16
2.71 1.61
3.41 1.39
5.52 1.66
4.81 2.17
4.22 3.45
2.53 .73
3.14 1.71
3.66 2.50
2.78 1.57
3.30 1.48
4.30 1.66
6.36 4.36
5.43 2.29
2.54 1.83
4.90 4.14
3.42 1.16
5.38 4.65
3.78 1.66
4.87 3.26
6.15 3.62
5.26 2.54
2.53 1.49
2.67 1.72
98
17
31
39
00
58
54
03
85
97
29
34
27
12
99
87
08
13
61
97
05
99
08
13
23
06
69
28
06
Age Group Pos. SAE SlCEl
Mean SD Mean SD
3 3.16 1,16 1,60 .96
4 3.36 1.75 2.19 2.14
5 3,65 1.47 2.76 1.90
6 5.16 2.85 4.68 2.51
7 4.80 2.89 4.38 3.24
8 5.07 2.08 3.72 3.07
1 2.86 1.40 1.62 1.31
2 3.72 1.45 2.84 1.67
3 4.14 .89 3.01 1.74
4 4.46 1.82 3.23 2.57
5 5.44 2.06 4.40 2,76
6 4.60 2.42 3.61 3.12
7 5.69 2.66 5.12 3.13
8 5.22 2.49 4.33 3.25
SCE SVE
Mean SD Mean SD
-.42 1.89 3.75 1.47
-1.77 2,54 3,09 1.40
-1.91 2.83 3.09 1.51
-3.24 4.36 4,03 3.39
-4,27 3,39 2.69 1.68
-2.74 4,05 4.77 1.91
. 46 2.10 2,91 1.89
.36 3.41 3.17 2.04
-1.55 3.23 3.69 2.07
-2.43 3.41 3.37 2,39
-2.99 4.38 3.64 2,34
-3.58 3,15 3.49 1.59
-4.27 4.32 3,58 1.73
-3.07 4.57 3.62 2.42
u>U1
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Table E-2
Means and Standard Deviations for the Age x Group x Position Interaction
Age Group Pos- tAE TlCEl TCE TVE
it-
.on Mean SD Mean SD Mean SD Mean SD
1 10.61 5,93 8.31 5.14 -4.93 8,73 10,85 8.66
2 10.80 5.51 10.60 5.71 -9.75 7.20 7.77 3.41
3 10.00 4.33 8.51 4,88 -6.61 7.47 9.14 5.68
4 12.38 4.88 11.29 5.52 -11,29 5.52 11.75 5.03
5 12.86 4.63 9.80 5.68 -4.53 10.78 12.81 6.55
6 15.53 7,96 11.94 7,52 -3.80 14.10 14.17 9.08
7 16.31 9,97 12.69 7.46 -4.88 14.43 11.24 12.90
8 12.53 4.38 9.69 5.14 -3.05 10.97 13.04 6.67
1 11.24 10,60 7.47 10.25 3.09 12.51 9.87 7.92
2 12.05 6.77 9.41 8.20 -2,24 12.65 9.38 4.91
3 10.06 6,85 6,61 5.62 -.28 8.95 8.57 8.29
4 10.42 7.07 7.52 7.84 -1.70 11,01 9.98 7.48
5 11.12 4.83 9.15 5.99 -.88 11.32 8.54 5.28
6 10.39 4.87 7.33 3.90 -2.28 8.31 11.32 5.64
7 11.25 6.20 5.68 5.45 -3.84 7.02 12.21 9.45
8 10.41 6.00 7.30 3.59 -.40 8.48 12.19 9.13
1 5.93 2.70 4.07 2.63 -3.60 3.31 6,05 3.59
2 5.72 3.10 3.44 2.93 -1.62 4.34 6.28 4.69
3 8.42 4.10 5.30 4.78 -3,63 6.28 9.67 5.82
4 7.96 5.58 4.92 6.02 -4,31 6.52 7.13 6.16
5 10.10 4.73 7.72 4.77 -3.91 8.49 7.99 5.81
6 11.59 4.65 9.95 5.48 -2.63 11.51 8.84 4.96
7 11.18 6.02 8.30 7.11 -3.09 10.79 9.56 5.16
8 13.05 7.85 10.15 9.80 -3.11 14.06 9.05 5.13 &
Age Group Pos. TAE
Mean SD Mean
SD
1 1
1 8.37 4.02
2 9.36 3.53
3 9.44 3.39
4 12.27 4.63
5 9.45 5.67
6 10.12 4.85
7 8.17 2.83
8 9.93 4.40
1 9.24 6.96
2 8.00 4.17
3 7.71 3.81
4 7.49 2.76
5 8.59 3.39
6 11.84 4.95
7 11.18 5.75
8 13.45 7.05
1 7.09 5.03
2 7.48 4.05
3 7.24 3.96
4 6.76 3.16
5 6.99 3.77
6 6.28 3.17
7 6.24 2.58
8 6,36 3.89
1 4.67 2.23
2 7.20 4.65
3 6.76 3.63
4 7.91 4,16
5 9.24 4.99
6,96
5.33 
7.17 
9.86
7.92
7.34
5.26 
7.76
7.36
5.92 
6.00 
6.13
7.26 
8.48
10.51
11.23
4.60 
6.07 
3.80 
4.44
4.60 
5.21 
5.06
3.50
3.38
5.95
5.50 
4.74 
7.25
T 1 CE I TCE TVE
SD Mean SD Mean SD
4.85 -3.94 7.75 8.74 6.75
3,60 -3,28 3,60 11,10 5.88
3.13 -7.17 3.13 8.22 5.31
5.55 -6,85 9,31 10.32 4.80
6.47 -7.68 6.87 6.97 4.13
5.81 -6.97 6.31 10.10 6.71
4.00 -2.57 6.27 10.02 4.46
5.11 -6.76 6.49 8,65 4.09
8.37 -2.66 11.06 9.44 6.78
5.11 -5.81 5.12 5.81 4.98
4.56 -4.82 5.91 6.31 4.64
4.09 -6.12 4,11 6.43 3.21
4.00 -7.26 4.00 7.75 4.11
6.66 -6.79 8.55 9.95 5.08
6.41 -10.04 7.20 6.03 3.05
7.31 -7.14 11.70 8.00 6.90
2.97 -1.50 5.47 8.76 6.74
4.92 -1.23 7.97 7.31 3.39
3.41 -3.80 3.41 8.94 5.02
3.56 -4.43 3.57 6.82 4.00
3.29 -3.79 4.29 7.15 5.78
3.88 -4.82 4.54 5.55 2.76
3.59 -1.97 6.09 5.90 3.14
3.25 -1.71 4.58 8.21 4.66
2.77 -2.75 3.46 4.08 2.09
5.19 -3.80 7.09 5.62 4.28
4.33 -3,51 6.23 5.23 2.42
2.71 -4.17 3.60 9.34 6.07
5.75 -5.67 7.47 6,11 5.07
Age Group Pos, TAE ICE.I
Mean SD Mean
11 C
SD
19 C
SD
6 7.14 4.60 4.99
7 7.27 4.83 5.79
8 7.00 3.83 5.45
1 2.96 1.30 2.10
2 3.34 1.27 2.83
3 3.77 1.48 3.29
4 4.59 1.91 4.13
5 3.63 2.07 2.66
6 3.82 1.61 2.91
7 4.62 2.08 2.93
8 6.08 3.22 5.33
1 4.38 3.00 3,67
2 4.55 2.80 3,50
3 5.74 3.16 5.20
4 6.25 3.92 5.75
5 6.12 4.08 5.44
6 6.38 3.12 5.68
7 5,69 3.25 5.21
8 6.53 3.51 5,27
1 2.76 1.20 1.83
2 4.10 2.49 3.00
3 4.36 2.13 3.60
4 5.75 3.67 3.94
5 5.56 2.56 5.20
6 5.92 3.44 4.54
7 4.72 2.47 3.52
8 5.39 2.77 4.97
1 3.18 1.18 2.21
SD
5,20
5.14
4.52
1.34
1.52 
1,51 
2,27 
1.59 
1.83 
1.73
3.24
3.34
3.35 
3.39 
4.16 
4.41 
3.49 
3.68
4.25
1.46
2.44
2.55 
3.37
2.56 
3.70 
2 .66 
2.55
1.80
TCE TVE
Mean SD Mean SD
-4.28 5.86 6.01 4.08
-1.69 7,78 7.15 6.31
-4.84 5.24 5,79 3.41
.12 2.59 3.29 1.82
.89 3.21 3.39 1.63
.51 3.75 3,45 1.89
.00 4.91 3.78 1.51
-1.10 3.01 3.60 2.47
-1.16 3.36 3.77 2.51
-1.51 3.16 4,75 2.61
-2.30 6.02 5.82 3.61
-1.15 4.96 3.94 2.13
-2.37 4.32 3.57 1.95
-3.99 4.88 5.27 2.23
-4.50 5.62 4.17 2.51
-4.64 5.34 3.93 1.81
-4.18 5.35 6.04 3.35
-4.20 4.91 4.52 2,55
-4.63 5.01 5.50 3.06
-.10 2.42 3.11 31.43
.75 3.92 4.29 3.10
-2.65 3.52 4.05 1.98
-2.44 4.69 5.61 4.21
-3.91 4.43 4.44 2.83
-3.52 4.78 5.36 3.30
-.98 4.45 5.54 3,78
-2.80 5.03 4,62 4.18
.15 2.94 3.10 1.81
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Age Group Pos. TAE TJCEI
Mean SD Mean SD
2 2.91
3 3.08
4 3.43
5 4.36
6 4.63
7 4.80
8 4.51
1 3.01
2 3.58
3 4.16
4 4.36
5 5.64
6 4.69
7 5.45
8 5.22
.02 1.71 1.03
.01 1.56 1.16
.86 2.01 2.05
.58 3.27 2.01
.63 3.85 3.12
.14 4.29 3,13
.34 3.24 2.65
.29 1.69 1.35
.09 2.20 2.04
.56 2,50 2.02
.89 3.17 2,37
.93 4.61 2.63
.24 3.81 2.97
.79 4.72 3,43
.47 4.08 3.41
1
1
1
1
2
3
2
1
1
1
1
1
2
2
2
TCE
Mean SD
TVE
Mean SD
.25 2.13 2,76 1.88
-.22 2,00 3.69 1.26
-1,49 2,49 3.29 1.88
-2.05 3.35 3,98 1.86
-3,54 3.51 3.81 1,27
-2,60 4.73 3,48 3.45
-2.38 3,52 4.03 2.36
.37 2,02 3,15 1.83
-.33 3,07 3.34 1.54
-1,58 2.87 4.06 2.70
-1.67 3.69 3.64 2.19
-2.63 4.63 3,91 2,67
-3.15 3.73 3.16 1.34
-4.41 3,88 3.61 1.67
-3.44 4,12 3.90 2.17
to<_n
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Table E-3
3-Way ANOVA for Order for AE and CE
Source df AEMS
AE
F
CE CE 
MS F
Order
Subj(Order
2
2877
90.29
50.82
1.79 209.48 2.2 
95.36
I *^5
Table E-4
4 x 2 x 3 x 3 x 8  ANOVA for AE and CE with 
Repeated Measures on Angles and Positions
Source df AEMS
AE
F
CE
MS
CE
F
Age (A) 3 5896.26 46.03* 1211.05 2.25
Group (G) 2 951.11 7.42* 1102.17 2.04
Sex (S) 1 2.99 .02 33.07 .06
A x G 6 311.51 2.43 760.77 1.41
A x S 3 226.78 1.77 599.12 1.11
G x S 2 94.73 .74 202.37 .38
A x G x S 6 224.13 1.75 195.38 .36
Subj (A x G x S) 96 128.10 3.57* 538.98 7.79*
An (Angle) 2 127.85 2.60 707.80 5.61
A x An 6 27.99 .55 264.20 2.10*
G x An 4 76.14 1.49 14.13 .11
S x An 2 11.96 .23 211.71 1.68
A x G x An 12 38.56 .75 67.53 .53
A x S x An 6 187.82 3.67* 140.37 1.11
G x S x An 4 54.74 1.07 115.82 .92
A x G x S x An 12 34.36 .47 57.66 .46
Subj (A x G x S) x An 192 51.19 1.43 126.09 1.82
Position(Angle) (P(An)) 20 120.00 3.35* 130.31 1.88
A x P(An) 60 34.75 .97 61.30 .89
G x P(An) 40 34.19 .95 70.36 1.02
A x G x P(An) 120 43.48 1.21 77.89 1.13
S x P (An) 20 35.53 .98 130.31 1.88
A x S x P(An) 60 34.75 .92 61.30 .89
G x S x P(An) 40 34.19 .95 70.36 1.02
A x G x S x P(An) 120 42.80 1.19 43.84 .63
Subj (A x G x S) x P(An) 1920 35.86 69.18
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Table E-5
4 x 3 x 8  ANOVA for Spatial AE and 1 CEI
Source df AEMS
AE
F
ICEI
MS
ICEI
F
Age (A) 3 2055.32 44.43* 1570.55 29.31*
Group (G) 2 300.06 6.49* 232.22 4.33*
A x G 6 104.39 2.28* 114.49 2.14
Subj (A x G) 108 46.26 2.85* 53.58 2,73*
Position (P) 7 505.29 31.08* 554.64 28.24*
A x P 21 45.98 2.83* 51.29 2.61*
G x P 14 30.65 1.88* 33.88 1.73*
A x G x P 42 25.13 1.55* 24,88 1.27
Subj (A x G) x P 756 16.26 19.14
R ^.05
Table E-6
4 x 3 x 8  ANOVA for Temporal AE and (CEI
Source df AEMS
AE
F
Ic e l
MS
ICEI
F
Age (A) 3 2049.12 43.78* 2055.32 44.43*
Group (G) 2 302.05 6.45* 300.07 6.49*
A x G 6 109.89 2.35* 104.40 2.26*
Subj (A x G) 108 46.81 3.14* 46.26 2.85*
Position (P) 7 69.13 4.63* 505.30 31.10*
A x P 21 11.07 .74 45.98 2.83*
G x P 14 23.94 1.60 30.75 1.89*
A x G x P 42 19.27 1.32 25.13 1.55*
Subj (A x G) x P 756 14.93 16.26
£ 4; . 05
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4 x 3
Table 
x 8 MANOVA for
E-7
Spatial CE and VE
Approximate Approximate df Wilks
Source F df F Lambda
Age (A) 6, 214 13.35* 2, 3,108 .52*
Group (G) 4, 214 4.74* 2, .2,108 .84*
A x G 12,>214 1.08 2, ',6,108 .89
Subj (A x G)
Position (P) 14,1510 47.81* 2,77,756 .48*
A x P 42,1510 5.85* 2,21,756 .74*
G x P 28,1510 2.32 2,14,756 .92*
A x G x P 84,1510 .79 2,42,756 .92
Subj (A x G
E ^-05
Table E-8
4 x 3 x 8 MANOVA for Temporal CE and VE
Source Approximate Approximate df WilksF df F Lambda
Age (A) 6, 214 13.35* 2, 3,108 .52*
Group (G) 4, 214 4.74* 2, 2,108 .84*
A x G 12, 214 1.08 2, 6.108' .89
Subj (A x G)
Position (P) 14,1510 47.81* 2, 7,756 .48*
A x P 42,1510 5.85* 2,21,756 .75*
G x P 28,1510 2,32* 2,42,756 .92 *
A x G x P 84,1510 .79 .92
Subj (A x G .
E ^ . 05
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Table E-9
A x 3 x 8 ANOVA for Spatial CE and VE
Source df CEMS
CE
F
VE
MS
VE
F
Age (A) 3 A06.50 2.22 76A.35 1A,61*
Group (G) 2 371,63 2.03 1A8.17 2.83
A x G 6 256.73 1. A0 27. A1 .52
Subj (A x G) 
Position (P)
108 183,15 9.13* 52.32 A. 09*
7 2086.89 10A.03* A1.21 3.22*
A x P 21 217.36 10.84* 16.76 1.31
G x P 1A 63.53 3.17* 21.87 1.71
A x G x P A2 1A.5A .72 11.17 .87
Subj (A x G) x P 756 20,06 12.80
£ ^.05
Table E-10 
A x 3 x 8 ANOVA for Temporal CE and VE
Source df CE
MS
CE
F
VE
MS
VE
F
Age (A) 3 A01.80 2.22 1691.85 31.30*
Group (G) 2 386.52 2.1A 263.A2 A.87*
A x G 6 27A.21 1,52 A2.96 .79
Subj (A x G) 108 180.99 6.58* 5A.06 2,97*
Position (P) 7 107.8A 3.92* 33.36 1.83
A x P 21 22.83 .83 15.78 .87
G x P 1A 39.12 1.A2 30.23 1.66
A x G x P A2 15.19 .56 13.96 .77
Subj (A x G) x P 756 27.52 18.18
E ^-05
vrm
On December 8, 1948 at the Panama Canal Zone, Jere Dee Gallagher 
was bom. She attended eight different schools in twelve years 
throughout the continental United States and Europe. Frcm 1966 to 
1970, Jere attended East Carolina University vfoere she graduated with 
a BS degree in Health and Physical Education. Subsequently, she 
taught seventh and eighth grades at Irwin Junior High School, Fort 
Bragg, NC, The following year, she returned to East Carolina 
University to pursue a MA. in Physical Education. For the next five 
years she taught junior high school in Winston Salem, NC and elementary 
school at Fort Bragg, NC,
From 1977 to 1980, Jere was a teaching and research assistant 
at Louisiana State University vhile pursuing a PhD in motor behavior 
with a specialization in motor development. The PhD degree was 
awarded in May 1980. Subsequent to graduation, Jere was an assistant 
professor Q.t Southern Illinois University, Carbondale, II.
364
EXAMINATION AND THESIS REPORT
Candidate: 
Major Field: 
Title of Thesis:
Jere Dee Gallagher
Health, Physical, and Recreation Education
Adult-Child Motor Performance Differences: A Developmental
Perspective of Control Processing Deficits
Approved:
M ajo r Professor and Chairm an
Dean of the Graduate School
EXAMINING COMMITTEE:
/£*
Date of Examination: 
April 22, 1980__
